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Pamphlet   editions   of  the   following    papers,   presented  at   the 
Chicago  Meeting,  August,  1893,  are  for  sale  at  special  rates  ; 

Genesis  of  Ore-Deposits,  by  Prof.  Franz  Posepny,        .         .     SI  00 
with  Discussions  held  at  Chicago,  Virginia  Beach,  and 
Bridgeport  Meetings, 

Microscopic  Metallography,  by  F.  Osmond,  . 

Micro-Structure  of  Ingot-Iron  in  Cast  Ingots,  by  Prof.  A 
Martens, 

Micro-Structure  of  Steel,  by  Albert  Sauveur, 

The  Open-Hearth  Process,  by  H.  H.  Campbell,    . 

Iron- Alloys,  with  Special  Reference  to  Manganese  Steel,  by 

R.  A.  Hadfield, 30 


.     1 

75 

30 

50 

30 

1 

00 
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XI 


Transactions. 

The  volumes  of  Transactions,  which  are  published  annually,  con- 
tain the  list  of  officers,  rules,  etc.,  the  Proceedings,  and  the  papers 
revised  for  final  publication.  (In  this  revision,  after  the  prelimi- 
nary publication,  authors  are  permitted  to  use  the  largest  liberty  ; 
and  the  changes  and  additions  made  in  papers  are  sometimes  im- 
portant. It  should  be  borne  in  mind,  by  those  who  study  or  quote 
a  paper  in  the  preliminary  edition,  that  they  may  not  have  in  that 
form  the  ultimate  and  deliberate  expression  of  the  author's  views. 
It  should  be  added,  however,  that  in  the  majority  of  cases  there  is 
no  essential  change,  the  correction  of  typographical  errors  and  ad- 
ditions of  later  information  being  the  usual  alterations.) 

The  twenty-four  volumes  of  Transactions  now  published,  are  for 
sale  as  follows : 


Vols.  I.  to  IV.,  inclusive,  each, 
Vols.  V.  to  VIII.,  inclusive,  each,  . 

Vol.  IX., 

Vol.  X.  (a  small  supply  only  on  hand), 
Vols.  XL  to  XXIV.,  inclusive,  each, 


$2  00 
3  00 
5  00 

10  00 
5  00 


These  prices  are  for  paper  covers.     Half-morocco  binding  $1 
extra  per  volume. 


Indexes  and  Special  Editions. 


Index,  Vols.  I.  to  XV.,  inclusive,  of  the  Transactions,  cloth, 

half-morocco, 1 

Index,  Vols.  XVI.  to  XX.,  inclusive,  paper,  1 

Indexes,  Vols.  I.  to  XV.  and  XVI.  to  XX.,  bound  in  one 

volume,  cloth, 2 

half-morocco, 2 

Technical  Education,  being  papers  and  discussions  of  the 
Philadelphia  Meeting,  1876  (not  all  printed  in  the 
Transactions),  paper,         ....... 

Steel  Rails,  papers  by  Messrs.  Sandberg,  Dudley,  and  Hol- 
ley,  with  discussions  at  meetings  in  1881,  paper,   . 

Geological  Map  of  the  United  States,  colored  after  the  scale 
proposed  by  the  International  Geological  Congress,  by 
Prof.  C.  H.  Hitchcock,     .        .        .        .        .         .        .       1 

Memorial  of  Alexander  L.  Holley,  with  portrait,  cloth,        .       1 

The  Genesis  of  Ore-Deposits,  by  Prof.  Franz  Posepny  (with 

discussions  and  portrait),  cloth, 2 

List  of  Members,  Rules,  etc.,  paper, 

c 


SI  00 


50 
00 

00 
50 


50 


50 


00 
00 

50 
25 
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Authors'  Editions  of  Pamphlets. 

Extra  copies,  when  ordered  before  the  types  have  been  dis- 
tributed, are  furnished  to  authors,  under  Rule  VII.,  at  the  fol- 
lowing rates : 


No.  of  Pages. 

50  Copies. 

100  Copies. 

250  Copies. 

Bach  addi- 
tional ldOcopies 
above  250. 

SI  25 

1  75 

2  25 

2  7;". 

3  25 
8  75 

4  25 
4  75 

1  50 

$1  50 

3  00 
8  7.". 

4  50 

5  2-". 

6  00 
6  75 

2  00 

$2  25 

3  2  • 

4  25 

6  25 

SO  50 

0  75 

1  00 
1  25 
1  50 

8  to  12            "         

12  to  Hi          "         

lf>  to  20          "         

20  to  24          "         

7  25                         1  75 

24  to  28         "        

8  25 

9  25 

3  00 

2  0o 
2  2:> 

0  50 

28  to  32        K"         

Covers    (including    print- 
ing on  first  page  of  the 

When  a  paper  contains  one  or  more  separate  plates  or  "folders,"  these  will  l>e 
charged  in  reprinting  as  follows  :  One  page  or  one  fold,  the  same  as  four  pages  in 
the  above  table  ;  each  additional  fold,  the  same  as  four  additional  pages.  These. 
prices  are  for  plates  on  the  ordinary  paper,  used  in  the  edition  issued  "subject  to 
revision."  If  special  bank-note  paper  is  desired,  such  as  is  used  in  the  Volumes 
of  Transactions,  the  price  for  the  plates  will  be  doubled. 

All  communications  and  remittances  should  be  addressed  to 
R.  W.  Raymond,  Secretary,  P.  O.  Box  223,  New  York  City. 


RULES 


ADOPTED  MAY,  1873.    AMENDED  MAY,  1875, 1877,  AND  1878,  FEBRUARY,  1880, 1881, 

1887,  AND  1890. 


OBJECTS. 


The  objects  of  the  American  Institute  op  Mining  Engineers  are  to  promote 
the  arts  and  sciences  connected  with  the  economical  production  of  the  useful  min- 
erals and  metals,  and  the  welfare  of  those  employed  in  these  industries,  by  means 
of  meetings  for  social  intercourse,  and  the  reading  and  discussion  of  professional 
papers,  and  to  circulate,  by  means  of  publications  among  its  members  and  associates, 
the  information  thus  obtained. 

II. 
MEMBERSHIP. 

The  Institute  shall  consist  of  Members,  Honorary  Members,  and  Associates. 
Members  and  Honorary  Members  shall  be  professional  mining  engineers,  geologists, 
metallurgists,  or  chemists,  or  persons  practically  engaged  in  mining,  metallurgy,  or 
metallurgical  engineering.  Associates  shall  include  all  suitable  persons  desirous  of 
being  connected  with  the  Institute,  and  duly  elected  as  hereinafter  provided.  Each 
person  desirous  of  becoming  a  member  or  associate  shall  be  proposed  by  at  least 
three  members  or  associates,  approved  by  the  Council,  and  elected  by  ballot  at  a 
regular  meeting  (or  by  ballot  at  any  time  conducted  through  the  mail,  as  the  Coun- 
cil may  prescribe)  upon  receiving  three-fourths  of  the  votes  cast,  and  shall  become  a 
member  or  associate  on  the  payment  of  his  first  dues.  Each  person  proposed  as  an 
honorary  member  shall  be  recommended  by  at  least  ten  members  or  associates,  ap- 
proved by  the  Council,  and  elected  by  ballot  at  a  regular  meeting  (or  by  ballot  at  any 
time  conducted  through  the  mail,  as  the  Council  may  prescribe)  on  receiving  nine- 
tenths  of  the  votes  cast;  Provided,  that  the  number  of  honorary  members  shall  not 
exceed  twenty.  The  Council  may  at  any  time  change  the  classification  of  a  person 
elected  as  associate,  so  as  to  make  him  a  member,  or  vice  versa,  subject  to  the  ap- 
proval of  the  Institute.  All  members  and  associates  shall  be  equally  entitled  to  the 
privileges  of  membership;  Provided,  that  honorary  members  shall  not  be  entitled 
to  vote. 


XIV  EULES. 

Any  member  or  associate  may  be  stricken  from  the  list  on  recommendation  of  the 
Council,  by  the  vote  of  three-fourths  of  the  members  and  associates  present  at  any 
annual  meeting,  due  notice  having  been  mailed  in  writing  by  the  Secretary  to  the 
said  member  or  associate. 


III. 

DUES. 

The  dues  of  members  and  associates  shall  be  ten  dollars,  payable  upon  their 
election,  and  ten  dollars  per  annum  thereafter,  payable  in  advance  at  the  annual 
meeting.  Honorary  members  shall  not  be  liable  to  dues.  Any  member  or  asso- 
ciate not  in  arrears  may  become  by  the  payment  of  one  hundred  dollars  at  one  time 
a  life-member  or  associate,  and  shall  not  be  liable  thereafter  to  annual  dues.  Any 
member  or  associate  in  arrears  may,  at  the  discretion  of  the  Council,  be  deprived 
of  the  receipt  of  publications,  or  stricken  from  the  list  of  members  when  in  arrears 
for  one  year;  Provided,  that  he  may  be  restored  to  membership  by  the  Council  on 
payment  of  all  arrears,  or  by  re-election  after  an  interval  of  three  years. 


IV. 

OFFICEES. 

The  affairs  of  the  Institute  shall  be  managed  by  a  Council,  consisting  of  a  Presi- 
dent, six  Vice-Presidents,  nine  Managers,  a  Secretary  and  a  Treasurer,  who  shall  be 
elected  from  among  the  members  and  associates  of  the  Institute  at  the  annual 
meetings,  to  hold  office  as  follows  : 

The  President,  the  Secretary,  and  the  Treasurer  for  one  year  (and  no  person  shall 
be  eligible  for  immediate  re-election  as  President  who  shall  have  held  that  office 
subsequent  to  the  adoption  of  these  rules,  for  two  consecutive  years),  the  Vice-Presi- 
dents for  two  years,  and  the  Managers  for  three  years ;  and  no  Vice-President  or 
Manager  shall  be  eligible  for  immediate  re-election  to  the  same  office  at  the  expira- 
tion of  the  term  for  which  he  was  elected.  At  each  annual  meeting  a  President, 
three  Vice-Presidents,  three  Managers,  a  Secretary  and  a  Treasurer  shall  be  elected, 
and  the  term  of  office  shall  continue  until  the  adjournment  of  the  meeting  at  which 
their  successors  are  elected. 

The  duties  of  all  officers  shall  be  such  as  usually  pertain  to  their  offices,  or  may 
be  delegated  to  them  by  the  Council  or  the  Institute ;  and  the  Council  may  in  its 
discretion  require  bonds  to  be  given  by  the  Treasurer.  At  each  annual  meeting  the 
Council  shall  make  a  report  of  proceedings  to  the  Institute,  together  with  a  financial 
statement. 

Vacancies  in  the  Council  may  occur  by  death  or  resignation ;  or  the  Council  may, 
by  a  vote  of  the  majority  of  all  its  members,  declare  the  place  of  any  officer  vacant, 
on  his  failure  for  one  year,  from  inability  or  otherwise,  to  attend  the  Council  meet- 
ings or  perform  the  duties  of  his  office.  All  vacancies  shall  be  filled  by  the  appoint- 
ment of  the  Council,  and  any  person  so  appointed  shall  hold  office  for  the  remainder 
of  the  term  for  which  his  predecessor  was  elected  or  appointed  ;  Provided,  that  the 
said  appointment  shall  not  render  him  ineligible  at  the  next  annual  meeting. 


RULES.  XV 

Five  members  of  the  Council  shall  constitute  a  quorum  ;  but  the  Council  may 
appoint  an  Executive  Committee,  or  business  may  be  transacted  at  a  regularly  called 
meeting  of  the  Council,  at  which  less  than  a  quorum  is  present,  subject  to  the  ap- 
proval of  a  majority  of  the  Council,  subsequently  given  in  writing  to  the  Secretary, 
and  recorded  by  him  with  the  minutes. 

V. 

ELECTIONS. 

The  annual  election  shall  be  conducted  as  follows  :  Nominations  may  be  sent  in 
writing  to  the  Secretary,  accompanied  with  the  names  of  the  proposers,  at  any  time 
not  less  than  thirty  days  before  the  annual  meeting  ;  and  the  Secretary  shall,  not 
less  than  two  weeks  before  the  said  meeting,  mail  to  every  member  or  associate  (ex- 
cept honorary  members),  a  list  of  all  the  nominations  for  each  office  so  received, 
together  with  a  copy  of  this  rule,  and  the  names  of  the  persons  ineligible  for 
election  to  each  office;  and  if  the  Council,  or  a  Committee  thereof,  appointed 
for  the  purpose,  shall  have  recommended  any  nominations,  such  recommendation 
may  also  be  sent  to  members  and  associates  with  the  said  list  of  all  nominations 
made,  but  not  upon  the  same  paper.  And  each  member  or  associate,  qualified  to 
vote,  may  vote,  either  by  striking  from  or  adding  to  the  names  of  the  said  list,  leav- 
ing names  not  exceeding  in  number  the  officers  to  be  elected,  or  by  preparing  a 
new  list,  signing  said  altered  or  prepared  ballot  with  his  name,  and  either  mailing 
it  to  the  Secretary  or  presenting  it  in  person  at  the  annual  meeting ;  Provided,  that 
no  member  or  associate  in  arrears  since  the  last  annual  meeting  shall  be  allowed  to 
vote  until  the  said  arrears  shall  have  been  paid.  The  ballots  shall  be  received  and 
examined  by  three  Scrutineers,  appointed  at  the  annual  meeting  by  the  presiding 
officer;  and  the  persons  who  shall  have  received  the  greatest  number  of  votes  for 
the  several  offices  shall  be  declared  elected,  and  the  Scrutineers  shall  so  report  to 
the  presiding  officer.  The  ballots  shall  be  destroyed,  and  a  list  of  the  elected 
officers,  certified  by  the  Scrutineers,  shall  be  preserved  by  the  Secretary. 


VI. 

MEETINGS. 

The  annual  meeting  of  the  Institute  shall  take  place  on  the  third  Tuesday  of 
February,  at  which  a  report  of  the  proceedings  of  the  Institute  and  an  abstract  of 
the  accounts  shall  be  furnished  by  the  Council.  Two  other  regular  meetings  of  the 
Institute  shall  be  held  in  each  year,  at  such  times  and  places  as  the  Council  shall 
select,  and  notice  of  all  meetings  shall  be  given  by  mail,  or  otherwise,  to  all  mem- 
bers and  associates,  at  least  twenty  days  in  advance.  Special  meetings  may  be 
called  whenever  the  Council  sees  fit ;  and  the  Secretary  shall  call  a  special  meeting 
on  a  requisition  signed  by  fifteen  or  more  members.  The  notices  for  special  meet- 
ings shall  state  the  business  to  be  transacted,  and  no  other  shall  be  entertained. 

Every  question  which  shall  come  before  any  meeting  of  the  Institute,  shall  be 
decided,  unless  otherwise  provided  by  these  Kules,  by  the  votes  of  a  majority  of 
the  members  then  present.  Any  member  or  associate  may  introduce  a  stranger  to 
any  meeting ;  but  the  latter  shall  not  take  part  in  the  proceedings  without  the  con- 
sent of  the  meeting. 


XVI  RULES. 

VII. 

PAPERS. 

The  Council  shall  have  power  to  decide  on  the  propriety  of  communicating  to  the 
Institute  any  papers  which  may  be  received,  and  they  shall  be  at  liberty,  when  they 
think  it  desirable,  to  direct  that  any  paper  read  before  the  Institute,  shall  be  printed 
in  the  Transactions.  Intimation,  when  practicable,  shall  be  given,  at  each  general 
meeting,  of  the  subject  of  the  paper  or  papers  to  be  read,  and  of  the  questions  for 
discussion  at  the  next  meeting.  The  reading  of  papers  shall  not  be  delayed  beyond 
such  hour  as  the  presiding  officer  shall  think  proper ;  and  the  election  of  members 
or  other  business  may  be  adjourned  by  the  presiding  officer,  to  permit  the  reading 
and  discussion  of  papers. 

The  copyright  of  all  papers  communicated  to,  and  accepted  by,  the  Institute,  shall 
be  vested  in  it,  unless  otherwise  agreed  between  the  Council  and  the  author.  The 
author  of  each  paper  read  before  the  Institute  shall  be  entitled  to  twelve  copies,  if 
printed,  for  his  own  use,  and  shall  have  the  right  to  order  any  number  of  copies  at 
the  cost  of  paper  and  printing,  provided  said  copies  are  not  intended  for  sale.  The 
Institute  i>  not,  as  a  body,  responsible  for  the  statements  of  fact  or  opinion  advanced 
in  papers  or  discussions  at  its  meetings,  and  it  is  understood  that  papers  and  discus- 
sions  should  not  include  matters  relating  to  politics  or  purely  to  trade. 


VIII. 

AMENDMENTS. 

These  Rules  may  be  amended  at  any  annual  meeting  by  a  two-thirds  vote  of  the 
members  present ;  Provided,  that  written  notice  of  the  proposed  amendment  shall 
have  been  given  at  a  previous  meeting  ;  ided,  also,  that  the  amendment  or 

amendments  so  adopted  shall  be  printed  upon  a  ballot  and  sent,  not  later  than  the 
next  distribution  of  printed  matter,  to  all  members  and  associates  not  in  arrears 
for  the  preceding  year  (except  honorary  members  and  foreign  members  elected 
before  February,  1830),  and  each  person  receiving  the  same  shall  be  requested  to 
return  it  to  the  Secretary  with  his- written  vote  of  Yes  or  No  to  each  amendment, 
and  his  signature;  and  the  President  shall  appoint  as  scrutineers  three  members  or 
associates,  who  shall  examine  all  of  the  said  ballot-  which  shall  have  been  returned 
within  one  month  from  the  date  of  their  distribution,  and  shall  report  the  result; 
and  the  Secretary  shall  publish  and  distribute  to  members,  not  later  than  the  next 
distribution  of  printed  matter,  an  announcement  of  the  said  result  so  reported, 
together  with  the  text  of  the  additional  or  amended  rule  or  rules  so  adopted  ;  and 
the  amendment  or  amendments  approved  by  the  majority  of  the  ballots  so  returned 
and  reported  shall  become  part  of  these  rules  from  and  after  the  publication  of  said 
announcement  by  the  Secretary. 


PROCEEDINGS  OF   THE   SIXTY- SIXTH   {TWENTY-FOURTH 
ANNUAL)  MEETING,  VIRGINIA  BEACH,  VA.,  FEB- 
RUARY, 1894. 

Local  Committee. 

John  Graham,  Jr.,  Chairman;  Hon.  C.  T.  O'Ferrall,  Governor  of  Virginia  ;  Hon. 
A.  B.  Cooke,  Mayor  of  Norfolk  ;  Rear- Admiral  George  Brown,  Commandant,  Navy 
Yard;  Lieut. -Col.  R.  T.  Frank,  Commandant,  Fort  Monroe  ;  M.  Glennan,  proprie- 
tor Norfolk  Virginian  ;  K.  C.  Murray,  proprietor  Norfolk  Landmark ;  Col.  William 
Lamb,  President  Norfolk  Chamber  of  Commerce ;  W.  T.  Brooke,  Norfolk  City 
Engineer  ;  Colonel  E.  M.  Henry,  Major  A.  Myers,  Judge  Legh  R.  Watts,  Judge 
Tucker  Brooke,  Capt.  N.  M.  Osborne,  C.  B.  Orcutt,  Horace  See,  Jed.  Hotchkiss, 
David  T.  Day,  J.  Harry  Lee,  W.  W.  Coe,  Barton  Meyers,  R.  B.  Cooke,  James  Rid- 
dle, Walter  Sharp,  W.  H.  Adams,  Walter  Graham.  Dawson  McCormick,  W.  B. 
Brooks,  Jr.,  Wm.  H.  White,  R.  B.  Tunstall,  Fergus  Reid,  Alfred  P.  Thorn,  Walter 
H.  Taylor,  Albert  Grandy,  Thorn  W.  Henderson,  C.  R.  Boyd. 

Hotel  Headquarters. — Princess  Anne,  Virginia  Beach. 

On  arrival  in  Norfolk  on  Tuesday  morning,  February  20th,  the 
members  of  the  Institute  were  the  guests  of  the  Norfolk  Chamber 
of  Commerce  at  breakfast  at  the  Atlantic  Hotel.  At  nine  o'clock 
they  were  escorted  to  the  rooms  of  the  Chamber,  where  addresses  of 
welcome  were  made  by  Mr.  John  Graham,  Jr.,  Chairman  of  the 
Local  Committee,  Major  Jed.  Hotchkiss,  of  Staunton,  on  behalf  of 
the  State  ;  Mayor  A.  B.  Cooke,  on  behalf  of  the  municipality  ;  Mr. 
Barton  Meyers,  a  director  of  the  Chamber  of  Commerce ;  Col.  E. 
M.  Henry,  President  of  the  Business  Men's  Association,  and  Major 
A.  Myers,  President  of  the  Real  Estate  Exchange.  Carriages  were 
then  taken  for  a  ride  about  the  city,  and  at  12.30  o'clock  the  mem- 
bers and  their  friends  left  by  special  train  for  Virginia  Beach,  eigh- 
teen miles  distant. 

The  opening  session  was  held  (as  were  all  subsequent  sessions)  at 
the  Princess  Anne  Hotel,  Tuesday  evening,  February  20th,  at  8 

P.M. 

The  Institute  was  welcomed  on  behalf  of  the  Local  Committee  by 
Dr.  David  T.  Day,  of  Washington,  D.  C,  Mr.  Graham,  the  chair- 
man of  the  Committee,  being  absent  by  reason  of  illness  in  his  fam- 
ily. President  H.  M.  Howe,  after  suitably  acknowledging  this 
greeting,  proceeded  to  deliver  the  Presidential  address  (see  pp.  742 
and  746). 

The  President  announced  the  appointment  of  Messrs.  W.  E.  C. 


XV111        PROCEEDINGS   OF   THE   VIRGINIA    BEACH   MEETING. 

Eustis,  J.  E.  Johnson  and  P.  N.  Moore,  as  scrutineers,  to  examine 
the  ballots  received  for  officers  and  to  report  the  result  of  the  elec- 
tion. 

The  remainder  of  the  session  was  occupied  with  a  talk  by  R.  W. 
Raymond,  of  Brooklyn,  N.  Y.,  on  Mining  and  Metallurgy,  as  repre- 
sented at  the  Columbian  Exposition,  illustrated  with  lantern  views. 
(This  will  not  be  published). 

The  second  session,  held  Wednesday  evening,  February  21st,  was 
occupied  with  a  lecture  by  W.  H.  Jaques,  of  South  Bethlehem, 
Pa.,  on  the  Manufacture  and  Testing  of  Guns  and  Armor,  illustrated 
with  lantern  views.     (This  will  not  be  published.) 

The  third  session  was  held  Thursday  morning,  February  22d, 
when  the  following  papers  were  read  and  discussed  : 

Close  Sizing  Before  Jigging,  by  R.  H.  Richards,  Boston,  Mass. 

The  Torsional  Theory  of  Joints,  by  George  F.  Becker,  Washing- 
ton, D.  C. 

Correlations  in  the  Coal-Rocks  West  of  Pocahontas,  Flat  Top, 
Virginia,  by  C.  R.  Boyd,  Wytheville,  Ya. 

The  fourth  session  was  held  Thursday  afternoon,  February  22d, 
when  the  following  papers  were  read  and  discussed  : 

Notes  on  the  Re-working  of  Anthracite  Culm-Banks,  by  Arthur 
W.  Sheafer,  Pottsville,  Pa. 

Geological  Relations  of  the  Southern  Appalachian  Bauxite-De- 
posits, by  Dr.  C.  Willard  Hayes,  Washington,  D.  C. 

The  Bauxites :  a  Study  of  a  New  Mineralogical  Family,  by 
Francis  Laur,  Paris,  France. 

Artesian  Well  Prospects  in  Eastern  Virginia,  Maryland  and  Del- 
aware, by  N.  H.  Darton,  Washington,  D.  C. 

The  remainder  of  the  session  was  occupied  with  the  continued 
discussion  of  the  physics  of  steel,  based  upon  papers  presented  at  the 
Chicago  meeting. 

The  following  papers  were  presented  in  print,  and  opportunity 
was  given  for  their  discussion,  but  no  oral  discussion  was  had.  (Such 
written  communications  in  discussion  of  these  or  other  papers  as 
have  been  received  by  the  Secretary  will  be  found  in  the  latter  part 
of  this  volume,  under  "  Discussions.") 

Some  Experiments  for  Determining  the  Refractoriness  of  Fire- 
Clays,  by  H.  O.  Hofman  and  C.  D.  Demond,  Boston,  Mass. 
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Product  and  Economical  Results  of  the  Marsac  Refinery  for  the 
Year  1892,  by  C.  A.  Stetefeldt,  Oakland,  Cal. 

Notes  on  the  Unwatering  of  a  Flooded  Mine  and  on  the  Perme- 
ability of  Natural  Strata  to  Air,  by  Beverley  S.  Randolph,  Frost- 
burg,  Md. 

Ore- Washer  at  Longdale,  Virginia,  by  Guy  R.  Johnson,  Long- 
dale,  Va. 

Survey  of  Underground  Connection  at  Leavenworth,  Kansas,  by 
Edwin  A.  Sperry,  Gothic,  Col. 

Refining  of  Gold  Sulphides  Produced  by  Precipitation  of  Gold 
from  Chlorine  or  Bromine  solution  with  Sulphurous  Acid  and  Hy- 
drogen Sulphide,  by  Werner  Langguth,  Portland,  Oregon. 

The  Cerro  de  Pasco  Mining  Industry,  by  Otto  F.  Pfordte,  Jersey 
City,  N.  J. 

Solids  Falling  in  a  Medium. — I.,  by  F.  M.  F.  Cazin,  Hoboken, 
N.J. 

Note  on  Certain  Magnetic  Phenomena  in  Gold-Bearing  Slates, 
by  C.  A.  Mezger,  Charlotte,  N.  C. 
.   The  Stetefeldt  Furnace,  by  C.  A.  Stetefeldt,  Oakland,  Cal. 

The  Determination  of  Phosphorus  in  Coal  and  Coke,  by  Jacob 
Lychenheim,  Swedeland,  Pa. 

The  Franklinite  Deposits  of  Mine  Hill,  Sussex  County,  New 
Jersey,  by  Frank  L.  Nason,  New  Brunswick,  N.  J. 

Iron-Ores  of  East  Texas,  by  William  Kennedy,  Austin,  Tex. 

Mine-Explosions  Generated  by  Grahamite-Dust,  by  William 
Glenn,  Baltimore,  Md. 

Further  discussions  of  the  Chicago  papers  of  Messrs.  Rickard, 
Christy,  Posepuy,  Emmons  and  Potter  were  presented  in  manu- 
script, the  writers  being  absent. 

The  fifth  and  closing  session  was  held  on  Friday  morning,  Feb- 
ruary 23d. 

The  Secretary  presented  the  report  of  the  Scrutineers,  showing 
the  following  officers  to  have  been  elected : 

PRESIDENT. 
John  Fritz, Bethlehem,  Pa. 

VICE-PRESIDENTS. 
(To  serve  for  two  years.) 

J.  F.  Hollow  ay, New  York  City. 

J.  C.  Platt, Waterford,  N.  Y. 

E.  V.  (I'Invilliers, Philadelphia,  Pa. 
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MANAGERS. 

(To  serve  for  three  years.) 

T.  A.  BicKABD, Denver,  Colo. 

II.  O.  IIof.man, Boston,  MaSS. 

John  A.  CHURCH, New  York  City. 

TREASURER. 

Theodore  D.  Rand, Philadelphia,  Pa. 

SECRETARY. 
li. --iter  W.  Raymond, New  York  City. 

The  following  paper  was  read  and  discussed  : 

Aluminum-Bronze,  by  Dr.  Leonard  Waldo. 

The  following  paper  was  presented  by  President  Howe,  in  the 
absence  of  the  author: 

Notes  on  Tests  by  Repeated  Stresses,  made  at  the  Watertown 
Arsenal,  by  James  E.  Howard,  Watertown,  Mass.  (Included  as  part 
of  the  discussion  on  the  Physics  of  Steel,  p.  776.) 

The  following  papers  were  read  by  title: 

Benjamin  Huntsman,  of  Sheffield,  the  Inventor  of  Crucible-Steel, 
by  P.  A.  Had  field,  Sheffield,  England. 

The  Silver-Mines  of  Lake  Valley,  New  Mexico,  by  Ellis  Clark, 
Phoenix,  Arizona. 

The  Zinc-Ore  Deposits  of  Southwestern  Xew  Mexico,  by  W.  P. 
Blake,  New  Haven,  Conn. 

Gold-Milling  at  the  Xorth  Star  Mine,  Grass  Valley,  California, 
by  Emile  R.  Abadie,  Grass  Valley,  Cal. 

The  Allotropism  of  Gold,  by  Henry  Louis,  London,  England. 

The  Manufacture  of  Open-Hearth  Steel  in  Sweden,  by  Erik  G. 
Odelstjerna,  Filipstadt,  Sweden. 

A  Convenient  Still  for  the  Laboratory,  by  Prof.  C.  E.  Wait, 
Knoxville,  Tenn. 

Coal-Sections  Developed  by  Recent  Operations  in  Wise  County, 
Virginia,  by  Franklin  Bache,  Abingdon,  Va. 

A  Twelve-Mile  Transmission  of  Power  by  Electricity,  by  Thomas 
H.  Leggett,  Bodie,  Cal. 

The  Elk  Garden  and  Upper  Potomac  Coal-Fields  of  West  Vir- 
ginia, by  Jos.  D.  Weeks,  Pittsburgh,  Pa. 

The  annual  report  of  the  Couucil  was  presented,  as  follows  : 

Annual  Report  of  the  Council. 
In  accordance  with  the  rules,  the  Council  makes  the  following  re- 
port to  tlie  Institute: 
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The  financial  statement  of  the  Secretary  and  Treasurer  shows  re- 
ceipts from  all  sources  for  the  year  ending  February  1st  (including 
$3463.88  on  hand  at  the  beginning  of  the  year),  of  $26,293.86,  and 
expenditures  of  $24,593.90,  leaving  a  surplus  of  $1699.96,  being  a 
reduction  in  the  surplus  of  February  1,  1893,  of  $1763.92.  In  ad- 
dition to  this,  the  Treasurer  holds  U.  S.  bonds  of  the  par  value  of 
$2900  and  a  special  deposit  of  $4598,  proceeds  of  U.  S.  bonds  called 
in  and  paid  by  the  government,  which  fund  has  not  been  perma- 
nently re-invested.  The  detailed  statement  of  receipts  and  expen- 
ditures is  as  follows  : 

Receipts. 

Balance  from  statement,  February  1, 1893, $3,463  88 

Annual  dues, 20,010  47 

Life-membership, 900  00 

Sale  of  publications, 745  52 

Binding  of  Transactions, 186  00 

Authors'  pamphlets, 117  80 

Electrotypes, 59  75 

Iron  and  Steel  Institute  (refund  of  expenses  incurred  for  that  Society),  220  61 

Interest  on  U.  S.  bonds  and  deposits, 589  83 

$26,293  86 
Disbursements. 

Printing  volume  xxi.  of  Transactions, $2,787  39 

"        pamphlet  editions  of  papers, 3,845  01 

"        authors'  editions 152  75 

"        mailing  list, 42  50 

"        envelopes,  circulars,  and  ballots, 454  25 

Binding  volume  xxi.  of  Transactions, 2,032  20 

"       exchanges  and  odd  volumes, 102  09 

Engraving  and  electrotyping, 1,902  29 

Postage,  including  P.  O.  box-rent, '      .         .  702  42 

Stationery, 106  23 

Rent 800  00 

Express  and  freight  charges, 1,410  99 

Janitor's  fees, '.  104  00 

Telegrams,  cablegrams,  and  car  fares, 22  06 

Coal,  ice,  and  porters, 78  96 

Salaries,  including  clerks  and  stenographers, 9,266  37 

Storage  of  Transactions,         .........  154  88 

Special  stenographers  and  expenses  at  meeting, 359  25 

Telephone, 151  00 

Gas, 12  62 

Miscellaneous  expense,  mailing  pamphlets, 33  38 

Office  supplies  and  repairs, '              .  73  26 

$24,593  90 
Balance, 1,699  96 

$26,293  86 
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It  will  be  seen  that  the  actual  expenditures  of  the  year  have  ex- 
ceeded the  current  receipts  by  $1763.92.  The  receipts  of  1892  ex- 
ceeded the  expenditures  $1744.99.  The  statement  this  year  is,  there- 
fore, some  $3500  less  favorable  than  that  of  the  year  preceding. 
This  has  been  the  result  of  two  general  causes — a  diminution  in  re- 
ceipts, through  delays  and  failures  in  the  payment  of  dues,  by  reason 
of  the  severe  conditions  of  the  past  year,  and  an  increase  of  expenses 
necessitated  by  the  participation  of  the  Institute  in  the  International 
Engineering  Congress  at  Chicago.  The  accounts  thus  increased  are 
principally  those  of  the  printing  of  pamphlet  editions,  engraving 
and  electro  typing,  salaries,  and  special  stenographers,  the  aggregate 
of  which  is  some  $3400  larger  than  in  1892;  but  economies  effected 
in  other  directions  reduced  the  difference  between  the  expenses  of  the 
two  years  to  $2362.  The  extra  expenses,  due  to  the  International 
Congress,  will  involve  some  $4000  for  the  preparation  and  distribu- 
tion of  the  extra  volume  of  Transactions  (Volumes  XXII.  and 
XXIII. ,  as  has  been  already  announced,  are  both  to  be  issued  during 
1894).  To  meet  this  further  expenditure,  the  Council  has  decided 
to  withdraw  for  the  present  the  offer  of  free  binding  to  members 
paying  their  dues  promptly.  This  will  remove  an  item  of  expense 
which  amounted  last  year  to  $2000;  and  if  the  members  of  the  In- 
stitute will  heartily  support  it  by  the  prompt  payment  of  their  dues, 
it  will  be  possible  to  finish  the  work  undertaken  for  the  credit  of  the 
country  and  the  Institute,  in  connection  with  the  Columbian  Expo- 
sition, without  drawing  upon  any  other  resources  than  the  current 
receipts. 

Upon  this  result  the  Council  heartily  congratulates  the  Institute. 
Coming  so  soon  after  the  heavy  outlay  of  1890,  which  had  well 
nigh  exhausted  the  treasury,  the  request  that  the  Institute  should 
undertake  the  double  task  of  managing  two  divisions  of  the  Inter- 
national Engineering  Congress  was  received  by  the  Council  with 
some  anxiety ;  yet  it  was  felt  that,  in  view  of  the  standing,  repre- 
sentative character  and  history  of  the  Institute,  this  honorable  dis- 
tinction, however  burdensome,  must  be  accepted. 

As  announced  in  the  last  annual  report,  this  measure  was  accord- 
ingly decided  upon,  and  the  preparations  for  the  important  event 
were  undertaken  with  vigor.  The  annual  meeting,  held  in  Mon- 
treal, February,  1893,  was,  however,  not  in  the  least  diminished  in 
attendance  or  interest  by  the  prospect  of  the  special  assemblage  at 
Chicago  in  August.  The  proceedings  and  papers  of  that  very  de- 
lightful  Montreal  meeting  were  published  in  Vol.  XXI.  of  the 


PKOCEEDINGS    OF   THE   VIRGINIA    BEACH    MEETING.        XX111 

Transactions,  in  order  to  leave  the  following  volume  (or  two  vol- 
umes, if  necessary)  to  be  occupied  wholly  with  the  papers  and  dis- 
cussions of  the  Chicago  sessions.  It  is  not  necessary  to  inform  the 
members  of  the  Institute  that  the  International  Engineering  Con- 
gress was  highly  important  and  interesting.  More  than  a  thousand 
engineers  of  all  branches  and  from  all  countries  were  gathered  in 
connection  with  it.  The  two  volumes  of  our  Transactions,  contain- 
ing papers  and  discussions  of  Divisions  C  and  D,  which  constituted 
the  double  meeting  of  the  Institute,  will  tell  their  own  story  con- 
cerning the  professional  value  of  their  proceedings. 

The  circular  of  the  Executive  Committee  of  Engineering  Socie- 
ties; which  will  be  found  in  the  appendix  to  this  report,  gives  a  full 
account  of  the  activity  of  that  committee  in  connection  with  the 
International  Engineering  Headquarters  and  the  Congress. 

In  addition  to  the  participation  of  the  Institute  in  these  joint 
enterprises,  a  special  Columbian  Committee  was  appointed  by  the 
Council,  consisting  of  Mr.  John  Birkinbine,  Chairman ;  Dr.  David 
T.  Day,  Secretary,  and  Messrs.  Jos.  D.  Weeks,  W.  B.  Potter,  James 
A.  Lewis,  R.  W.  Hunt,  Theodore  D.  Rand,  J.  C.  Smock,  Charles 
Kirch hoff  and  R.  W.  Raymond. 

Before  the  appointment  of  this  Committee,  the  following  special 
circular  was  issued  by  order  of  the  Council,  to  secure  funds  for  the 
purposes  named : 

AMERICAN  INSTITUTE  OF  MINING  ENGINEERS. 

Special  Circular. 

columbian  exposition  fund. 

New  York,  March,  1892. 

To  Members  and  Associates. — An  International  Engineering  Headquarters  will  be 
maintained  in  the  City  of  Chicago  during  the  Columbian  Exposition  of  1893.  The 
estimated  expense  will  be  $15,000,  which  must  be  met  by  contributions  from  Ameri- 
can engineers.  The  plan  (based  on  that  of  the  very  successful  Centennial  Head- 
quarters of  this  Institute  in  1876)  is  admirable;  the  Committee  in  charge  comprises 
two  express  representatives  of  the  Institute  and  many  of  our  members  besides,  and 
a  hearty  support  is  deserved. 

The  Council  has  also  undertaken,  at  the  request  of  the  General  Committee  of 
Engineering  Societies,  to  organize  and  conduct  the  Mining  and  Metallurgical  De- 
partments of  the  World's  Engineering  Congress  of  1893  in  Chicago. 

For  the  above  purposes,  and  for  other  contingencies  which  will  undoubtedly 
arise  in  connection  therewith,  a  considerable  amount  of  money  will  be  required. 
The  Council  desires  to  contribute  for  our  members  and  associates  $4000  towards  the 
International  Headquarters,  and  an  equal  sum,  in  addition,  would  not  be  too  much 
for  the  proper  maintenance  of  the  credit  of  the  Institute  in  many  ways.  But  the 
fund  of  the  Institute,  derived  from  annual  dues,  is  not  available  for  any  of  these 
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purposes.  Neither  in  connection  with  the  Centennial  of  1876,  nor  in  the  extensive 
hospitalities  of  the  International  meetings  and  excursions  of  1890,  nor  at  any  other 
time  has  money  been  paid  from  that  fund  for  entertainments,  excursions  or  any  ex- 
penses not  belonging  to  the  normal  work  of  the  Institute,  conducted  for  the  benefit 
of  all  its  membership. 

The  Council,  therefore,  now  earnestly  appeals  to  members  and  associates  for  libe- 
ral subscriptions  to  a  special  Columbian  Exposition  fund,  to  be  disbursed  in  the 
name  of  the  Institute  by  the  Council,  or  a  committee  of  its  creation,  which  shall 
make  a  suitable  contribution  for  the  International  Headquarters,  as  above  ex- 
plained, and  also,  so  far  as  the  amount  collected  will  permit,  carry  out  such  other 
measures  as  may  be  deemed  advisable  for  the  credit  of  the  Institute,  and  the  con- 
venience and  profit  of  its  members  and  associates  during  the  Exposition. 

The  sum  of  $5  is  suggested  as  a  minimum  subscription,  but  it  is  hoped  that  all 
who  can  afford  to  give  more  largely  will  do  so.  Subscriptions  of  over  $100  have 
been  numerous  on  former  occasions  of  this  kind,  and  the  present  appeal  is  not  less 
worthy  of  a  liberal  response. 

Please  send  your  subscription  as  early  as  possible,  accompanied  either  with  pay- 
m'ent  or  with  a  statement  of  the  time  when  payment  will  be  made,  tp  Mr.  James  F. 
Lewis,  23  Park  Place,  New  York  City,  who  has  consented  to  act  for  the  present  as 
treasurer  of  this  fund. 

By  order  of  the  Council, 

John  Birkinbine, 

President. 
E.  W.  Kaymond, 

Secretary. 

In  response  to  this  circular,  the  amount  of  $4522.70  was  sub- 
scribed and  paid  by  members  of  the  Institute,  and  of  this  sum 
$4000  was  paid  over  to  the  Joint  Committee  of  Associated  Engi- 
neering Societies  for  the  maintenance  of  the  General  Headquarters 
in  Chicago,  and  $249.36  has  thus  far  been  expended  by  the  special 
Columbian  Committee  of  the  Institute,  mainly  in  connection  with 
the  Engineering  Headquarters  in  the  Mining  Building  at  the  Expo- 
sition, where  Dr.  Day,  the  Secretary  of  that  Committee,  was  in  con- 
stant attendance,  and  extended  to  members  and  guests  of  the  Insti- 
tute, as  well  as  to  members  of  affiliated  American  and  foreign 
societies,  hearty  courtesy  and  valuable  aid.  These  special  head- 
quarters, set  apart  by  Hon.  F.  J.  v.  Skiff,  Chief  of  the  Department 
of  Mines  and  Mining  for  the  American  Institute  of  Mining  Engi- 
neers, were  placed  with  Mr.  Skiff's  assent,  and  with  the  most  cor- 
dial good-will  on  the  part  of  the  Council  of  the  Institute,  at  the 
disposal  of  all  members  and  guests  of  the  Associated  Engineering 
Societies,  and  were  highly  appreciated  as  a  rendezvous  for  engineers 
of  all  countries.  In  addition  to  the  pleasant  balcony  connected  with 
them,  they  comprised  a  conversation-room,  a  reading-room  and  a 
valuable' professional  reference  library  of  several  thousand  volumes. 
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To  this  library  the  Council  willingly  contributed   by  the  loan  of  a 
complete  set  of  the  Transactions. 

Changes  in  membership  have  taken  place  during  the  year  as  fol- 
lows :  163  members  and  18  associates  have  been  elected  ;  4  associates 
have  become  members  ;  4  members  have  been  reinstated  on  payment 
of  arrears  of  dues  ;  the  deaths  of  17  members  and  one  associate  have 
been  reported ;  26  members  and  15  associates  have  resigned,  and  60 
members  and  11  associates  have  been  dropped  for  continued  default 
in  the  payment  of  dues.  These  changes  are  tabulated  as  follows, 
showing  a  net  gain  of  55  in  total  membership  : 


Hm. 

Fm. 

M. 

A. 

Totals. 

At  date  of  last  report 

15 
15 

38 
38 

2136 

163 

4 

4 

26 

60 

17 
171 
103 

2204 

187 
18 

15 

11 

4 

1 

18 

31 

174 

2376 

181 

4 

4 

41 

71 

4 

18 

189 

134 

2431 

Gains  :  By  Election 

Change  of  Status.... 

Change  of  Status 

Total  gains 

Total  losses 

The  list  of  deaths  comprises  the  names  of  the  following  members 
and  associates:  George  H.  Babcock,  H.  M.  Becher,  G.  B.  Bell,  A, 
F.  Brainerd,  J.  H.  Brunnings,  George  H.  Ely,  A.  W.  Humphreys, 
E.  S.  Moffat,  F.  O.  Norton,  J.  D.  Potts,  E.  A.  Price,  Frank  Ringe- 
ling,  G.  Goodman  Stone,  W.  J.  B.  Walker,  J.  H.  E.  Waters,  Bard 
Wells,  Arthur  F.  Wendt,  Stephen  Wilcox.  Among  these  names 
are  some  of  the  most  highly-esteemed  contributors  to  the  Transac- 
tions of  the  Institute,  and  some  of  the  most  eminent  representatives, 
commercial  as  well  as  scientific,  of  the  professions  to  which  our  mem- 
bers belong. 

APPENDIX. 

Office  of  the 
Executive  Committee  of  Engineering  Societies, 
Columbian  Exposition. 

Chicago,  III.,  January  20,  1894. 

Executive  Committee — Circular  No.  4. 

To  the  President  and,  Secretary  of  the  American  Institute  of  Mining  Engineers : 

The  Executive  Committee,  appointed  by  the  delegates  of  the  fifteen  Engineering 
Societies  of  the  United  States  and  Canada,  which  temporarily  associated  themselves 
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together  for  the  purpose  of  maintaining  Joint  Engineering  headquarters,  and  of 
promoting  an  Engineering  Congress,  in  Chicago,  during  the  Columbian  Exposition 
of  1893,  submit  this  their  final  report: 

In  accordance  with  the  authority  conferred  by  the  General  Committee  at  its  last 
meeting,  two  other  Societies,  i.e.,  "The  American  Water-Works  Association"  and 
the  "  Scandinavian  Society  of  Civil  Engineers,"  were  admitted  to  this  association 
on  the  basis  of  a  contribution  of  $5  for  each  of  their  members. 

In  March,  1893,  Mr.  Max  E.  Schmidt  was  appointed  Secretary,  to  take  general 
charge  of  the  headquarters.  He  gave  part  of  his  time  to  this  work  during  April, 
his  whole  time  during  the  period  of  the  Exposition,  and  again  part  of  his  time 
afterwards  until  the  final  winding  up  of  the  affairs  of  the  committee. 

In  April,  identification  cards  were  issued  by  the  committee  to  each  of  the  socie- 
ties composing  the  association,  in  proportion  to  their  respective  quota  of  contribu- 
tion, in  order  that  by  means  of  these  cards  each  Secretary  might  accredit  to  the 
headquarters  the  members  of  his  society,  or  such  foreign  visiting  Engineers  as  he 
might  desire  to  honor. 

A  general  invitation  was  also  issued  in  the  name  of  all  the  associated  societies* 
separately  enumerated,  through  the  president  of  the  general  committee,  and  sent  to 
some  30  foreign  Engineering  Societies,  inviting  their  members  to  avail  themselves 
fully  and  freely  of  the  facilities  provided  in  Chicago,  and  also  to  make  themselves 
known  to  the  officers  of  the  respective  societies  should  they  visit  the  cities  in  which 
these  have  their  headquarters. 

A  large  suite  of  rooms,  comprising  an  entire  floor,  was  secured  for  headquarters 
in  the  business  portion  of  Chicago,  at  No.  10  Van  Buren  Street.  These  were  leased 
from  May  1  to  November  1,  1893,  at  a  rental  of  $900  for  the  six  months. 

This  suite  consisted  of  the  following  rooms : 

1  on  the  2d  floor,  a  registry  room,  size  20  feet  by  10  feet. 

1  on  the  3d  floor,  a  reception  room,  size  50  feet  by  25  feet. 

1  on  the  3d  floor,  a  reading  room,  size  50  feet  by  25  feet. 

1  on  the  3d  floor,  a  committee  room,  size  26  feet  by  21  feet. 

1  on  the  3d  floor,  a  secretary's  room,  size  20  feet  by  15  feet. 

1  on  the  3d  floor,  a  cloak  room,  size  20  feet  by  10  feet. 

1  on  the  3d  floor,  a  writing  room,  size  24  feet  by  24  feet. 

These  rooms  proved  to  be  exceedingly  well  located,  being  in  close  proximity  to 
many  of  the  prominent  hotels,  to  the  Art  Palace  building,  in  which  the  meetings 
of  the  Engineering  Congress  were  held,  and  to  the  cable,  elevated,  and  surface  rail- 
roads, which  furnished  transportation  to  the  Exposition,  as  well  as  to  the  dock  of  the 
Exposition  steamboats. 

Through  the  courtesy  of  the  American  Institute  of  Mining  Engineers,  a  room  40 
feet  by  20  feet  was  also  placed  at  the  disposal  of  the  committee  in  the  gallery  of  the 
Mines  and  Mining  building  at  the  Exposition,  by  Mr.  F.  J.  v.  Skiff,  Chief  of  the 
Mines  and  Mining  Department. 

Possession  of  both  these  headquarters  was  obtained  on  the  1st  of  May,  1893,  but 
those  at  No.  10  Van  Buren  Street  were  in  need  of  extensive  remodelling,  fitting 
up,  and  repairing,  as  well  as  tinting  the  walls  and  ceiling,  so  that  they  were  not  finally 
ready  for  occupancy  until  May  20,  1893. 

Both  headquarters  were  neatly  furnished  with  reading  and  writing  tables,  desks, 
chairs,  and  lounges,  at  a  total  cost  of  $1352.41.  This  furniture  was  sold,  in  sun- 
dry lots,  for  $557.95  after  the  close  of  the  Exposition. 

In  addition  to  Engineering  reference  books,  albums,  and  circulars,  these  head- 
quarters were  provided  with  all  the  leading  Engineering  periodicals  of  the  United 
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States  and  Canada,  and  most  of  those  in  Europe,  through  the  voluntary  contribution 
of  their  respective  publishers,  there  being  a  total  of  some  89  journals  and  periodicals. 
On  the  walls  were  displayed  photographs  and  engravings  of  sundry  Engineering 
works  and  machines,  kindly  loaned  for  that  purpose  by  various  Engineering  firms 
and  establishments. 

The  staff  employed  was  as  follows : 

1  Secretary  in  general  charge. 

1  General  Assistant  at  10  Van  Buren  Street. 

1  General  Assistant  at  Exposition. 

3  Registry  and  Mail  Clerks. 

1  Stenographer. 

2  Errand  Boys. 
1  Janitor. 

The  headquarters  at  No.  10  Van  Buren  Street  were  open  on  week-days  from  S 
A.M.  to  10  P.M.,  and  on  Sundays  from  noon  to  2  P.M. 

The  room  in  the  Mines  and  Mining  building  at  the  Exposition  was  open  from 
8  A.M.  to  6  P.M.,  except  on  Saturday,  when  it  was  open  from  8  a.m.  to  9.30  p.m. 
This  room  was  closed  on  Sunday. 

In  engaging  the  staff,  preference  was  given  to  Civil  Engineers  who  could  con- 
verse in  other  languages  besides  English. 

As  the  rooms  at  No.  10  Van  Buren  Street  were  open  14  hours  a  day,  the  mem- 
bers of  the  staff  relieved  each  other  at  stated  intervals  and  on  alternate  days.  Their 
general  duties  were  to  make  accredited  visitors  welcome,  and  to  register  their  Chi- 
cago address ;  to  take  up  their  identification  card  and  to  issue  in  its  stead  a  card 
entitling  the  holder  to  the  use  of  both  Engineering  headquarters  and  to  attendance 
at  the  Engineering  Congress;  to  care  for  and  deliver  the  mail  to  visitors;  to  supply 
local  information,  and,  upon  request,  to  give  cards  of  introduction  to  such  Engineer- 
ing works  and  establishments  of  the  United  States  and  Canada  as  either  American 
or  foreign  visiting  Engineers  might  desire  to  see. 

For  the  latter  purpose,  a  classified  index  of  such  works  and  establishments  was 
compiled  by  the  staff,  and  the  Secretary  was  in  correspondence  with  878  different 
officers,  firms,  or  establishments,  and  issued  some  600  cards  of  introduction  to  the 
visiting  Engineers. 

The  total  number  of  Engineers  who  registered  at  the  headquarters  was  3132, 
divided  as  follows : 

United  States  and  Canada, 2408 

Australia,  .         .         .  ' 5 

Austria-Hungary,       .........  52 

Belgium,     ...........  4 

Chili, 1 

Colombia, 1 

East  India, 3 

France, 100 

Germany, 3S2 

Great  Britain, 56 

Holland, 3 

Japan, 1 

Italy 28 

Mexico, 5 

Portugal, 1 
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Rournania, 1 

Russia,        .                 38 

Spain, , 2 

Sweden, 41 

Total 3132 

The  total  number  of  visiting  Engineers  was  much  in  excess  of  this  record,  many 
coming  in  for  a  day  or  two  and  failing  to  register,  more  particularly  during  the  week 
of  the  Engineering  Congress,  when  the  attendance  was  very  large,  and  there  was, 
necessarily,  a  good  deal  of  haste  among  the  visitors. 

Allowing  for  Engineers  who  belonged  to  more  than  one  society,  the  aggregate 
membership  of  the  associated  societies  is  estimated  at  about  6000,  so  that  40  per 
cent,  of  the  members  visited  Chicago  and  were  registered.  The  number  of  foreign 
visitors  was  rather  less  than  one-third  the  number  of  Americans. 

When  the  Exposition  began  fairly  to  draw  visitors,  informal  gatherings  took 
place  at  No.  10  Van  Buren  Street  every  Monday  evening,  from  8  to  11  p.m.,  at 
which  light  refreshments  were  served.  The  first  took  place  June  29th,  and  the  last 
on  October  30th  ;  making  a  total  of  19  Monday  night  receptions.  These  were  much 
appreciated,  especially  by  the  foreign  Engineers,  who  thus  had  an  opportunity  to 
meet  their  American  professional  brethren,  and  of  supplementing  through  personal 
intercourse  the  information  which  they  had  gathered  at  the  Exposition  and  other- 
wise. Since  their  return  home,  a  number  of  letters  of  thanks  have  been  received, 
and  more  may  be  expected,  copies  of  which  will  be  duly  communicated  to  the 
American  societies. 

At  three  of  these  receptions  lectures  were  delivered. 

August  28th.— "On  Electric  Light  Plants  in  London,"  by  Prof.  Sylvanus  B. 
Thompson  (Stereopticon  Views). 

October  16th. — "On  the  Manufacture  of  Guns,"  by  Captain  W.  H.  Jaques, 
Ordnance  Engineer  (Stereopticon). 

October  23d. — "On  Photography  in  Colors,"  by  Hugo  Benedix,  of  France  (Stere- 
opticon Views). 

During  the  week  of  the  Engineering  Congress  a  formal  reception,  to  the  visiting 
Engineers  and  their  ladies,  was  given  at  No.  10  Van  Buren  Street  on  Tuesday, 
August  1st,  followed  at  the  close  of  the  Congress  by  a  general  reception  on  Satur- 
day, August  5th,  both  of  which  were  largely  attended,  and  at  which  refreshments 
were  served. 

A  similar  entertainment  took  place  on  Friday,  September  15th,  when  a  reception 
was  tendered  to  the  visiting  delegation  of  the  French  Society  of  Civil  Engineers. 

The  committee  is  informed  that  the  Engineers  were  the  only  class  who  maintained 
headquarters  in  Chicago  during  the  Exposition,  and  if  it  is  to  believe  the  assertions 
of  visitors,  foreign  and  native,  it  has  the  satisfaction  of  thinking  that  its  efforts  are 
well  thought  of  by  them. 


Engineering  Congress. 

The  Internationa]  Engineering  Congress  was  held  in  the  Art  Palace  on  the  Lake 
Front,  during  the  week  beginning  on  Monday,  July  31st.  The  aggregate  attend- 
ance was  estimated  at  about  800  members.  This  Congress  was  divided  into  seven 
sections,  in  which  221  Engineering  papers  were  presented  and  discussed.  In  order 
to  make  this  possible,  almost  all  these  papers  had  been  printed  and  distributed  in 
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advance  by  the  organizations  in  charge  of  the  respective  divisions.  The  final  pub- 
lications, including  the  discussions,  are  now  appearing  issued  by  the  "American 
Society  of  Civil  Engineers,"  the  "  American  Society  of  Mechanical  Engineers,"  the 
"  American  Institute  of  Mining  Engineers,"  the  "  Society  for  the  Promotion  of 
Engineering  Education,"  the  "  Public  Printing  Office  in  Washington,"  and  by  the 
firm  of  "John  Wiley  &  Sons,"  of  New  York. 

This  Engineering  Congress  took  the  place  of  the  summer  meeting  of  the  three 
societies  first  above  named. 

The  Executive  Committee  prepared  a  detailed  programme  of  the  papers,  which 
was  printed  for  the  Congress  by  the  "World's  Congress  Auxiliary,"  of  the  Colum- 
bian Exposition  ;  it  provided  ushers  and  attendants,  and  furnished  Stenographers 
for  the  Divisions  of  "Engineering  Education,"  "Military  Engineering,"  and 
"Marine  and  Naval  Engineering,"  as  these  could  not  be  provided  by  the  "Aux- 
iliary." It  also  furnished  committee  rooms  at  No.  10  Van  Buren  Street  to  the  vari- 
ous divisions,  and  for  that  purpose  rented  the  whole  of  the  second  floor  of  that 
building  for  the  week  of  the  Congress,  thus  nearly  doubling  the  amount  of  available 
space. 

The  expenses  charged  direct  to  the  Engineering  Congress  will  be  seen  to  be 
$571.22  upon  the  annexed  financial  statement,  but  if  the  planning,  the  correspond- 
ence and  the  incidental  expenses  be  included,  it  may  be  estimated  to  have  involved 
an  expenditure  of  about  $1000. 

This  International  Engineering  Congress  has  generally  been  considered  a  success. 
After  its  close  a  list  in  detail  of  the  papers  was  compiled  by  the  Secretary,  in  an 
"  Announcement  Relative  to  Publication,"  and  the  Executive  Committee  caused 
10,500  copies  to  be  printed  at  their  expense  and  distributed  pro  rata  among  the  va- 
rious societies  forming  this  association,  for  issue  to  their  members;  so  that  they 
might  be  advised  where  and  at  what  cost  the  papers  and  discussions  could  be  ob- 
tained. 

The  following  financial  statement  is  submitted  by  the  Treasurer: 

To  Amounts  Received  From  : 

American  Society  of  Civil  Engineers,     .         .  $3,000 

American  Institute  of  Mining. Engineers,       .  4,000 

American  Society  of  Mechanical  Engineers,  .  2,000 

Canadian  Society  of  Civil  Engineers,       .         .  800 

•    Engineers'  Club  of  Philadelphia,    .         .         .  850 

Boston  Society  of  Civil  Engineers,          .        .  550 

Engineers'  Club  of  St.  Louis,          .         .         .  350 

Civil  Engineers'  Club  of  Cleveland,        .         .  320 

Engineers'  Club  of  Kansas  City,     .         .         .  120 

Montana  Society  of  Civil  Engineers,       .         .  120 

Civil  Engineers'  Society  of  St.  Paul,       .         .  60 

Engineers'  Club  of  Minneapolis,     ...  50 

Engineers'  Association  of  the  South,      .         .  200 

Engineers'  Society  of  Western  Pennsylvania,  650 

Western  Society  of  Engineers,        .       _ .         .  672 

American  Water- Works  Association,      .         .  300 

Scandinavian  Society  of  Engineers,         .         .  275 

M.  N.  Forney  (gratuity),         ....  25 

Total, $14,342 


XXX 
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!  mounts  Paid : 

Insurance  on  Furniture, 

Express  and  Postage,       .... 

Stationery  and  Printing, 

Expense  Account  Engineering  Congress, 

Pent  Account  No.  10  Van  Buren  Street, 

Furniture  and  Fixtures, 

Fitting  and  Maintaining  Headquarters, 

Receptions  and  Entertainments, 

General  Expenses,  ..... 

Salary  Account, 

Total  Expenditure, 
v  Balance  on  band,   . 


$8  60 
350  25 
476  35 

571  22 

900  00 

794  46 

1,612  76 

1,246  97 

974  99 

5,971  20 


$12,906  80 
1,435  20 

$14,342  00 


Audited  and  found  Correct. 
C.  L.  Strobel, 
John  W.  Cloud, 

Auditing  Committet. 

It  will  be  noticed  from  tbis  statement  that  there  is  an  unexpended  balance  of 
81435.20,  and  all  bills  having  been  paid,  save  the  small  amount  required  to  print 
this  circular,  the  Executive  Committee  has  decided  to  return  the  surplus  in  its 
hands  to  the  societies  in  the  Association,  in  proportion  to  the  amount  contributed 
by  each. 

A  dividend  of  10  per  cent,  has  therefore  been  declared,  and  a  draft  representing 
the  share  to  which  your  society  is  entitled  will  accompany  this  report. 
Respectfully  submitted, 
O.  Chanute, 

President  General  Committee. 
Elmer  L.  Corthell, 

Chairman. 
Charles  L.  Strobel, 
.    Robert  W.  Hunt, 
John  W.  Cloud, 
Don  J.  Whittemore, 
William  Forsyth, 

Executive  Committee. 
Max  E.  Schmidt, 

Secretary  General  Committee. 


After  the  passage  of  a  resolution  instructing  the  Secretary  to  make 
by  letter  suitable  acknowledgment  of  the  labors  of  the  Local  Com- 
mittee and  the  abundant  courtesies  and  hospitalities  of  the  citizens 
and  corporations  of  Norfolk  and  vicinity,  the  meeting  was  ap- 
journed. 
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Members  and  Associates  Elected. 

The   following   persons    were  made   members   or   associates   by 
election  during  the  sessions  of  the  meeting : 


Members. 


R.  B.  Allen.   . 
Theophilus  Allen, 
Charles  Fitzhugh  Andrews, 
Louis  W.  Atkinson, 
H.  M.  Barksdale,  . 
James  Brakes, 
Ross  E.  Browne,    . 
Celso  Capacci, 
Joseph  E.  Carne,    . 
Edmund  Clark, 
W.  E.  Corey, . 
Kendall  F.  Crocker, 
N.  H.  Darton, 
Harry  J.  Davis,     . 
Henry  G.  Davis,    . 
Charles  D.  Demond, 
J.  M.  Dodge,. 
George  E.  Drummond, 
Thomas  J.  Drummoud,. 
Howard  Weidener  DuBois, 
William  D.  Ewart,. 
Aaron  French, 
Harry  F.  Forbes,  . 
H.  G.  Haskell, 
George  W,  Hayes, 
Eric  Hedburg, 
George  A.  Hopkins, 
Edward  L.  Kurtz, 
William  Lamb, 
Harry  K.  Land  is, 
Nevin  McConnell, 
Vance  C.  McCorinick,  . 
William  McKell,  . 
Reinhard  Mannesmann, 
James  Campbell  Macdonald 
Francis  Herbert  Mason,. 
Galloway  C.  Morris, . 
Frank  Moynau,     . 
Frank  Owen, 
Amedee  N.  Reyburn, 
Francis  Arthur  Rich, 
Maurice  Riche, 
James  Riddle, 
Edward  T.  Sawyer, 
Charles  C.  Sharp,  . 
Homer  Reed  Stanford, 
Julius  H.  Striedinger, 


Harrisonburg,  Va. 
Harqua  Hala,  Arizona. 
Isaacs  Harbor,  N.  S. 
Thurmond,  West  Virginia. 
Wilmington,  Delaware. 
Crown  Point,  N.  Y. 
San  Francisco,  Cal. 
Florence,  Italy. 
Sydney,  N.  S.  W. 
Braddock,  Pa. 
Munhall,  Pa. 
Whiteburn,  N.  S. 
Washington,  D.  C. 
Munhall,  Pa. 
Baltimore,  Md. 
Great  Falls,  Montana. 
Philadelphia,  Pa. 
Montreal,  Canada. 
Montreal,  Canada. 
Ishpeming,  Mich. 
Chicago,  111. 
Pittsburgh,  Pa. 
Rockford,  111. 
Wilmington,  Del. 
Lebanon,  Pa. 
Joplin,  Mo. 
Swissvale,  Pa. 
Newcastle.  Pa. 
Norfolk,  Va. 
Rolla,  Mo. 
Munhall,  Pa. 
Harrisburg,  Pa. 
Glen  Jean,  West  Virginia. 
New  York  City. 
Country  Harbor,  N.  S. 
Truro,  N.  S. 
Philadelphia,  Pa. 
So.  Chicago,  111. 
London,  England. 
St.  Louis,  Mo. 
Denver,  Colorado. 
Ocala,  Florida. 
Norfolk,  Va. 
Columbus,  Ohio. 
Corning,  Ohio. 
Buffalo,  N.  Y. 
San  Francisco,  Cal. 
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Benjamin  Talbot Pencoyd,  Pa. 

W.  H.  Thomas, Algoma,  W.  Virginia. 

Joseph  R.  Wilson,  ....     Philadelphia,  Pa. 

Associates. 

Edmund  P.  Allison,       ....  Halifax,  N.  S. 

X.  L.  Burwell Chicago,  111. 

Frederick  Willis  Davis,        .        .        .  New  York  City. 

Pemberton  Smith,-        ....  Albany,  N.  Y. 

George  A.  Waller,  ....  Freiberg,  Germany. 

Peter  White Marquette,  Michigan. 

Associates  made  Members. 

N.  H.' Emmons  2d,        ....     Charcas,  Mexico. 
Arthur  L.  Tattle, St.  Louis,  Mo. 

Excursions  and  Entertainments. 

On  Tuesday,  as  already  noticed,  the  visiting  members  and  guests 
were  entertained  at  breakfast  in  Norfolk  by  the  Chamber  of  Com- 
merce, and  subsequently  were  conveyed  in  carriages  through  the 
city  to  view  both  its  new  and  its  old  features  of  interest  and  beauty. 

Wednesday  was  occupied  in  a  highly  delightful  excursion  to 
Lambert's  Point,  Newport  News,  Hampton  and  Fort  Monroe.  The 
party  left  Norfolk  in  the  steamer  "  Luray,"  placed  at  their  disposal 
by  the  Old  Dominion  Steamship  Company.  At  Lambert's  Point, 
the  extensive  terminal  facilities  of  the  Norfolk  and  "Western  Rail- 
road were  inspected.  At  Newport  News,  after  visiting  the  magnifi- 
cent yard  of  the  Newport  News  Ship-building  Company,  and  view- 
ing the  great  Atlantic  liner  "  New  York "  in  the  dry-dock,  the 
party,  some  two  hundred  in  number,  was  entertained  at  luncheon  at 
the  Hotel  Warwick  by  the  Company.  An  hour  of  great  interest 
was  subsequently  spent  at  Hampton  Institute,  where  the  singing  of 
the  vast  assembly  of  students  produced  upon. the  visitors  a  thrilling 
effect,  never  to  be  forgotten.  The  excursion  closed  with  a  visit  to 
Fort  Monroe,  where  a  special  parade  of  troops  was  held  in  honor  of 
the  Institute,  and  the  party  returned  by  steamer  to  Norfolk  and  by 
special  train  to  Virginia  Beach. 

On  Friday  afternoon  an  excursion  was  made  to  the  Portsmouth 
Navy  Yard,  where  the  party  was  courteously  entertained  by  Rear- 
Admiral  Brown,  commanding. 

On  Saturday,  a  small  party,  including  half  a  dozen  ladies,  braved 
the  threatening  weather,  and  made  an  excursion  to  the  Dismal 
Swamp,  as  the  guests  of  Mr.  Walter  B.  Brooks,  Jr.,  President  of  the 
Dismal  Swamp  Canal  Company. 
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Free  transportation  between  Norfolk  and  Virginia  Beach  was 
furnished  by  the  Norfolk,  Albemarle  and  Atlantic  Railroad. 

Special  rates  and  excellent  accommodations  were  given  by  the 
Bay-Line  steamers  from  Baltimore,  and  the  Washington  and  Nor- 
folk line  from  Washington,  and  by  the  management  of  the  Princess 
Anne  Hotel,  the  beautiful  situation  and  pleasant  interior  of  which 
added  greatly  to  the  social  enjoyment  of  the  meeting. 

On  Thursday  evening  a  banquet  was  held  at  the  Princess  Anne, 
with  the  usual  accompaniments  of  music  and  oratory,  and  graced  by 
the  presence  of  numerous  guests  from  Norfolk,  who  returned  to  their 
homes  by  special  train  in  the  small  hours  of  the  morning. 

The  attendance  of  ladies  accompanying  members  was  unusually 
large  at  this  meeting,  and,  as  a  consequence  of  this  fact,  and  of  the 
constant  association  of  all  under  one  roof,  the  social  enjoyment  of 
the  meeting  was  a  special  feature  throughout.  Indeed,  no  one  of 
the  formal  excursions  or  entertainments  was  more  pleasurable  than 
the  friendly  gatherings  at  all  hours  in  the  superb  "  sea-parlor  "  or 
before  the  great  fire-places  of  the  Princess  Anne. 

Registry. 

The  following  names  were  registered  during  the  meeting.  It  is 
probable  that  the  list  is  not  complete.  The  sessions  and  excursions 
were  numerously  attended  by  ladies  accompanying  members  and  by 
citizens  of  Norfolk  and  vicinity. 


W.  H.  Adams. 
Robert  Allison. 
Charles  Bailey. 
G.  F.  Becker. 
W.  E.  Bibbs. 
C.  P.  Bonner. 

C.  R.  Boyd. 

D.  F.  Brooke. 
W.  T.  Brooke. 
J.  W.  Cabot. 
Charles  Carroll. 
W.  B.  Coggswell. 
H.  M.  Cornish. 
D.  Jones  Grain. 
N.  H.  Darton. 
G.  M.  Davidson. 
David  T.  Day. 
George  Dean. 

C.  W.  Ellicott. 
S.  F.  Emmons. 


W.  E.  C.  Eustis. 
W.  D.  Ewart. 
James  Finlay. 
Lewis  W.  Francis. 
W.  S.  Gaylor. 
John  C.  George. 
M.  Goldsmith. 
John  Graham. 
A.  Hardt. 

Joseph  Hartshorne. 
H.  G.  Haskell. 
J.  A.  Haskell. 
C.  W.  Hayes. 
T.  W.  Henderson. 
E.  M.  Henry. 
G.  C.  Hewett. 
H.  D.  Hibbard. 
L.  Holbrook. 
Jed.  Hotchkiss. 
Henry  M.  Howe. 
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W.  C.  Hungerford. 
A.  E.  Hunt. 

Thomas  G.  Janvier. 

W.  II.  Jaques. 

J.  E.  Johnson. 

Charles  Kirehhoff. 

I.  W.  Kirehhoff. 

Clarence  Kirwau. 

H.  C.  Knox. 

E.  K.  Landis. 

R.  G.  Leckie. 

J.  Henry  Lee. 

G.  R.  Leudeman. 

H.  McCormick,  Jr. 

Graham  Macfarlane, 

B.  M.  Moore. 

H.  B.  Nason. 

e  Ormrod. 
E.  W.  Parker. 
James  Piatt. 
J.  C.  Piatt. 
T.  H.  Phillips. 
S.  M.  Pitman. 
R.  W.  Raymond. 
John  Reed. 
R.  H.  Richards. 


James  Riddle. 
W.  S.  Russell. 
W.  T.  Eyle. 
Axel  Sahlin. 
Walter  Sharpe. 
A.  N.  Sheafer. 
W.  L.  Sheafer. 
Pemberton  Smith. 
R.  T.  Smith. 
H.  R.  Stanford. 
W.  J.  Taylor. 
Gray  Torrey. 
H.  G.  Torrey. 
E.  Russell  Tratman. 
J.  A.  Turner. 
J.  W.  Tyson. 
L.  Waldo. 
C.  D.  Walcott. 

A.  L.  Walker. 
Russell  Walker. 
W.  R.  Webster. 
G.  D.  Whitaker. 
T.  Whitaker. 
John  Wilkes. 
W.  G.  Wilkins. 

B.  P.  Willis. 
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PROCEEDINGS  OF  THE  SIXTY- SEVENTH  MEETING, 
BRIDGEPORT,  CONN,   OCTOBER,  1894. 

Local  Committees. 

Bridgeport  Reception  Committee. — Dr.  I.  DeVer  Warner,  Chairman;  Morris  B. 
Beardsley,  Vice- Chairman ;  James  Staples,  Treasurer;  Dr.  F.  M.  Wilson, Secretary; 
Henry  Sanford,  Dr.  George  L.  Porter,  Dr.  C.  S.  Ward,  Goodwin  Stoddard,  A.  J. 
Hobbs,  Eev.  William  H.  Lewis,  W.  E.  Baillie,  Sydney  Bishop,  Floyd  Tucker, 
John  C.  Matthews,  Col.  N.  H.  Heft,  Joel  Farist,  Benj.  Fletcher,  J.  H.  Jenkins,  E. 
G.  Burnham,  Henry  Setzer,  Jr.,  J.  B.  Hubbell,  O.  G.  Jennings,  Martin  Luscomb, 
Hon.  William  D.  Bishop,  Henry  Atwater,  Charles  Sherwood,  Isaac  Holden,  E.  G. 
Burnham,  Thomas  B.  DeForest,  David  Trubee,  Charles  A.  Hamilton,  Capt.  John 
McNeil,  W.  F.  Hobbs,  Dr.  Leonard  Waldo,  Geo.  W.  Beach,  Wm.  G.  Lineburgh, 
Nelson  M.  Beach,  Charles  L.  Hill,  F.  A.  Bartlett,  David  F.  Read,  O.  M.  Shepard, 
Mayor  W.  B.  Bostwick,  Hon.  Robert  E.  DeForest,  Dr.  C.  C.  Godfrey,  S.  T.  Rogers, 
Rev.  Dr.  C.  R.  Palmer,  Charles  H.  Sanford,  Tracy  B.  Warren,  R.  B.  Lacey,  Gen. 
Thomas  L.  Watson,  Erwin  S.  Strickland,  Geo.  C  Edwards,  Geo.  W.  Longstaff, 
Wm.  Somers,  Col.  L.  N.  VanKeuren,  Frank  M.  Wilson,  F.  W.  Bolande,  Chas.  E. 
Brown,  Rev.  Louis  N.  Booth,  and  the  Governors  of  the  Seaside  Club. 

Waierbury  Reception  Committee. — Hon.  E.  C.  Lewis,  Chairman  ;  Geo.  H.  Clowes, 
C.  P.  Goss,  H.  L.  Wade,  Jas.  S.  Elton,  D.  S.  Plume,  A.  M.  Dickinson,  H.  S.  Chase, 
M.  L.  Sperry,  Geo.  H.  Benham,  Irving  H.  Chase,  Leroy  Upson,  Geo.  Hart,  E.  M. 
Burrall,  Chas.  A.  Hamilton,  Geo.  L.  White,  Chas.  S.  Morse,  A.  S.  Chase,  E.  D. 
Steele,  E.  L.  Frisbie,  Jr.,  J.  Richard  Smith,  Thos.  B.  Kent,  Gordon  W.  Burnham, 
E.  O.  Goss,  W.  S.  Atwood,  Chas.  Cotter,  Geo.  B.  Lamb,  Archer  J.  Smith,  O.  H. 
Stevens,  T.  R.  Hyde,  R.  F.  Griggs,  Hon.  F.  J.  Kingsbury,  L.  J.  Atwood,  H.  H. 
Peck,  E.  A.  Smith,  John  P.  Elton,  F.  L.  Curtiss,  W.  E.  Fulton,  F.  L.  Adams,  F. 
H.  Hoffmann,  Geo.  A.  Driggs,  A.  O.  Jennings,  J.  Hobart  Bronson,  Chas.  M.  Mit- 
chell, D.  N.  Plume,  Irving  L.  Atwood. 

New  Haven  Reception  Committee. — Hon.  H.  B.  Sargent,  Mayor  of  New  Haven  ; 
Charles  P.  Clark ;  C.  H.  Piatt ;  Geo.  J.  Brush,  Director  of  the  Sheffield  Scientific 
School. 

Ansonia  Reception  Committee. — William  H.  Matthews,  Chairman;  Russel  A. 
Cowles,  Charles  A.  Cowles,  Charles  F.  Bliss,  William  A.  Cowles,  Frank  E.  Hoadley. 

Hotel  Headquarters. — The  George  Hotel,  Black  Rock  Harbor.  All  sessions  were 
held  at  the  hotel. 

The  opening  session  was  held  on  Tuesday  evening,  October  2d. 

Dr.  I.  DeVer  Warner,  Chairman  of  the  Bridgeport  Reception 
Committee,  called  the  meeting  to  order,  and,  after  a  few  words  of 
cordial  welcome,  introduced  Dr.  George  L.  Porter,  of  Bridgeport, 
who  delivered  an  address  (see  p.  609). 

President  John  Fritz,  after  acknowledging  the  welcome  extended 
to  the  Institute,  proceeded  to  deliver  the  Presidential  address. 
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The  Secretary  mentioned  the  recent  death  of  J.  H.  B  ram  well,  one 
of  the  original  members  of  the  Institute,  and  Mr.  E.  C.  Pechin,  of 
Cleveland,  O.,  being  called  upon,  paid  an  earnest  and  eloquent  tri- 
bute to  the  memory  of  Mr.  Bramwell. 

The  session  was  then  adjourned. 

The  second  session  was  held  on  Wednesday  morning,  October  3d, 
at  10  o'clock. 

The  following  papers  were  presented  by  the  Secretary  in  the  ab- 
sence of  the  authors : 

The  Inaccuracy  of  the  Commercial  Assay  for  Silver  and  of  Me- 
tallurgical Statistics  in  Silver  Mills,  with  Special  Reference  to 
the  Treatment  of  Roasted  Ores  by  Amalgamation  and  by  the  Rus- 
sell Process,  by  C.  A.  Stetefeldt,  Oakland,  Cal. 

Losses  of  Gold  and  Silver  in  the  Fire- Assay,  by  Howard  V.  Fur- 
man,  Denver,  Colo. 

Further  Experiments  on  Amorphous  Gold,  by  Henry  Louis, 
Loudon,  Eng. 

A  paper  on  A  Uniform  Method  for  the  Assay  of  Copper-Material 
for  Gold  and  Silver,  by  Albert  R.  Ledoux,  New  York  City,  was 
presented  by  the  author,  and  followed  by  general  discussion  on  the 
subject. 

The  Secretary  presented  samples  of  wire-silver  with  calcite  de- 
posited upon  it  from  Gothic,  Colo.,  and  of  monazite  sand  from  North 
Carolina. 

After  discussion  on  Coal-Dust  as  an  Explosive  Agent,  in  connec- 
tion with  the  paper  of  Mr.  Glenn,  read  at  the  Virginia  Beach 
meeting,  and  later  communications  thereon,  the  session  was  ad- 
journed. 

The  third  session  was  held  on  Wednesday  afternoon,  October  3d, 
at  3  o'clock. 

The  following  paper  was  read  and  discussed : 

The  New  Mining  Law  of  New  York,  by  R.  W.  Raymond,  New 
York  City. 

The  subject  of  The  Effect  of  Vibration  upon  the  Stems  of  Stamps 
was  brought  up  by  request  and  discussed  at  considerable  length. 

The  following  papers  were  presented  in  print  by  the  Secretary,  in 
the  absence  of  their  authors  : 

The  Geological  Structure  of  the  Ringwood  Iron-Mines,  New 
Jersey,  by  Frank  L.  Nason,  New  Brunswick,  N.  J. 
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Notes  on  the  Structure  of  the  Franklinite  and  Zinc-Ore  Beds  of 
Sussex  County,  New  Jersey,  by  W.  P.  Blake,  Shullsburg,  Wis. 

The  Ore-Deposits  of  Butte  City,  by  Robert  G.  Brown,  Butte, 
Montana. 

The  Structure  of  the  Richmond  Coal-Basin,  by  E.  J.  Schmitz, 
New  York  City. 

The  Phosphates  of  Tennessee,  by  Thomas  C.  Meadows  and  Lytle 
Brown,  Nashville,  Tenu. 

Alunogen  and  Bauxite  of  New  Mexico,  by  W.  P.  Blake,  Shulls- 
burg,  Wis. 

The  Manganese-Slags  of  Tombstone,  Arizona,  by  John  A.  Church, 
New  York  City. 

Ore-Dressing  and  Concentration  in  Sweden,  by  P.  G.  Lidner, 
New  York  City. 

Solids  Falling  in  a  Medium. — II.,  by  F.  M.  F.  Cazin,  Hoboken, 
N.  J. 

A  Note  on  the  Taylor  Gas-Producer  Plant,  at  the  Ontario  Mill, 
by  C.  A.  Stetefeldt,  Oakland,  Cal. 

Magnesia  and  Sulphur  in  Blast-Furnace  Cinder,  by  Frank  Firm- 
stone,  Easton,  Pa. 

Also,  contributions  in  additional  discussion  of  former  papers,  as 
follows: 

On  the  Genesis  of  Ore-Deposits. 

On  the  Taylor  Gas-Producer. 

On  the  Gold  Stamp-Mill. 

The  fourth  and  concluding  session  was  held  on  Thursday  evening, 
October  4th. 

Mr.  John  Birkinbine  presented  for  inspection  a  piece  of  Carpenter- 
steel,  a  piece  of  brown  hematite-ore  containing  apparently  native  iron, 
and  an  'Aztec  mirror,  said  by  the  former  owner  to  be  meteoric  iron, 
but  now  believed  to  be  marcasite. 

The  following  paper  was  read  by  the  author  and  discussed  at  con- 
siderable length  : 

The  Nickel-Mine  at  Lancaster  Gap,  Pennsylvania,  and  the  Pyr- 
rhotite  Deposits  at  Anthony's  Nose,  on  the  Hudson,  by  J.  F.  Kemp, 
New  York  City. 

The  following  papers  were  read  by  title : 

The  Lead-  and  Zinc-Deposits  of  Missouri,  by  Arthur  Winslow, 
St.  Louis,  Mo. 

The  Mines  of  the  Chalanches,  France,  by  T.  A.  Rickard,  Rico, 
Colo. 
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After  the  unanimous  adoption  of  a  resolution  instructing  the  Sec- 
retary to  make  by  letter  suitable  acknowledgment  of  the  labors  of 
the  Local  Committee  and  the  abundant  courtesy  and  hospitality  of 
the  citizens  and  corporations  of  Bridgeport,  Waterbury,  Ansonia 
and  New  Haven,  the  meeting  was  adjourned. 

Members  and  Associates  Elected. 
The  following  persons  were  elected  by  mail,  May,  1894  : 

members. 

Audley  H.  Ackermau,  ....  Marysville,  Mont. 

Thomas  Andrew, Zoutpansberg,  Transvaal. 

William  Braden, Helena,  Mont. 

A.I.Boucher, Johannesburg,  South  Africa. 

Prof.  Walker  Bowman,  .         .        .  Athens,  O. 

William  J.  Chalmers, Chicago,  111. 

Herbert  A.  Evans, Honda,  Colombia. 

Donald  G.  Forbes, Shillingstone,  Dorset,  Eng. 

L.  D.  Godshall, Rico,  Colo. 

Fred.  E.  Harnden, Pueblo,  Colo. 

John  Herron, Marysville,  Mont. 

Edward  R.  Hewitt, New  York  City. 

Arthur  E.  Ingram, Zoutpansberg,  Transvaal. 

Edward  Knight, South  Chicago,  111. 

Reuben  W.  Leonard, Kingston,  Ontario. 

J.  C.  McDowell, Pittsburgh,  Pa. 

P.  D.  Mackay, Wilkinsburg,  Pa. 

Alex.  Montgomery, Launceston,  Tasmania. 

Philip  A.  Mosuian, Durango,  Colo. 

Francis  C.  Phillips,      .        .        .        .        .  Allegheny,  Pa. 

J.  C.  Roberts, Rico,  Colo. 

Henry  W.  Sabin, San  Francisco,  Cal. 

William  A.  Sherrill, Auraria,  Ga. 

John  Harcourt  Smith,  ....  Zeehau,  Tasmania. 

Audley  H.  Stow,  . Bramwell,  W.  Va. 

E.  J.  Wilson .        .  Rico,  Colo. 

Horace  G.  Williams, Lykens,  Pa. 

J.  W.  Young, Helena,  Mont. 


ASSOCIATES. 


Edward  Burd  Grubb,  . 
J.  Elwood  Jones,  . 
Edmund  Mozier  King, 
John  Musson, 
Percy  Williams,   . 


Sheridan,  Pa. 
New  York  City. 
Launceston,  Tasmania. 
Sydney,  New  South  Wales. 
Cleveland,  O. 


ASSOCIATE  MADE  MEMBER. 
Charles  A.  Bohn, Calchihuitcs,  Zacatecas,  Mexico. 

The  following  persons  were  made  members  or  associates  upon  the 
recommendation  of  the  Council  during  the  sessions  of  the  meeting. 
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MEMBERS. 

James  W.  Abbott, Ouray,  Colo. 

H.H.Ashley,       .        .        .        .        .        .  Wilkes-Barre,  Pa. 

L.  S.  Austin,      • Durango,  Colo. 

Frederic  Reeve  Baker,        ....  Athens,  O. 

Eugene  Bavington, Pierce  City,  Mo. 

Arthur  K.  Bohn, Marysville,  Mont. 

Charles  P.  Bower, Philadelphia,  Pa. 

William  Gaston  Caperton,  ....  Fire  Creek,  W.  Va. 

John  J.  Case, Great  Falls,  Mont. 

Howard  F.  Chappell, Chicago,  111. 

E.  H.  A.  Cohen, Transvaal,  South  Africa. 

William  Ashton  Doble,         ....  San  Francisco,  Cal. 

Joseph  D.  Fraser, Ferrona,  Nova  Scotia. 

James  W.  Fuller,  Jr., Catasauqua,  Pa. 

William  Kennedy  Gibson,  .        .         .  Dayton,  Tenn. 

William  Shafer  Hall,  ....  Easton,  Pa. 

William  P.  Hardenbergh,    ....  Newark,  N.  J. 

Gustaf  A.  Hellberg, Norway,  Mich. 

George  R.  Hurlburt, Ouray,  Colo. 

Cary  T.  Hutchinson, New  York  City. 

J.  Moore  Jackson, Clarksburg,  W.  Va. 

L.  C.  Jakway, Durango,  Colo. 

Alfred  James,      • Glasgow,  Scotland. 

Charles  James, Philadelphia,  Pa. 

J.  Elmer  Jones, Hazleton,  Pa. 

Kwong  Yung  Kwang,  ....  Kaiping  Coal-Mine,  No.  China. 

Carlos  F.  de  Landero, Hidalgo,  Mexico. 

George  Hamilton  Lloyd,      ....  Rhayader,  Radnorshire,  Wales. 

John  G.  Luckraft,        ...  .  Cripple  Creek,  Colo. 

Charles  F.  McKenna, New  York  City. 

John  H.  McLure, Thurber,  Texas. 

A.  C.  Mauney, Georgeville,  N.  C. 

J.  E.  Ostrander, Moscow,  Idaho. 

Louis  Pelatan, Paris,  France. 

William  H.  Peirce, Baltimore,  Md. 

Lucius  Pitkin, New  York  City. 

Myron  Knox  Rogers, Butte,  Mont. 

W.  J.  Scott, Wilkes-Barre,  Pa. 

Edward  M.  Shepard, Springfield,  Mo. 

Francis  H.  Sistermans,         ....  Rosario,  Sinaloa,  Mexico. 

John  Law  Smith, West  Hartlepool,  Eng. 

Erwin  S.  Sperry, Bridgeport,  Conn. 

James  Spiers,  Jr., San  Francisco,  Cal. 

H.  Starkweather, Silverton,  Colo. 

Andrew  Stevens, Rico,  Colo. 

William  H.  Storms, San  Francisco,  Cal. 

Ralph  Hayes  Sweetser,        ....  Boston,  Mass. 

William  Ulenberg, Lead,  South  Dakota. 

Hamilton  Walker, Butte,  Mont. 

J.  N.  Walker Silverton,  Colo. 

E.  A.  Weinberg, Alderslot,  Marysborough, 

Queensland. 

Arthur  W.  B.  Whiteley,       ....  Biwabic,  Minn. 
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ASSOCIATES. 

H.  P.  Mcintosh Cleveland,  O. 

Bea  E.  Maynard Stamford  University,  CaL 

William  Arthur  Metcalf,      ....  Steelville.  MTo. 

Thomas  Moore Elizabeth,  N.  J. 

Lena  Allen  Stoiber, Silverton.  Colo. 

Bertrand  S.  Summers, Chicago,  111. 

W.  Wit  tie Rico,  Colo. 

ASSOCIATES  MADE  MEMP.ERS. 

Frank  C.Hamilton, Brooklyn.  X.  Y. 

Percy  Williams, Rico,  Colo. 


Excursions  axd  Entertainments. 

On  Wednesday  evening,  October  3d,  at  the  beautiful  home  of  the 
Seaside  Club,  in  Bridgeport,  a  brilliant  social  reception  was  given 
to  the  Institute  and  its  guests  by  the  Governors  of  the  Seaside 
Club  in  co-operation  with  the  Bridgeport  Reception  Committee. 

Thursday,  October  4th,  was  devoted  to  an  excursion  through  the 
Naugatuck  valley  in  a  special  train  provided  by  the  courtesy  of  the 
New  York,  New  Haven  and  Hartford  Railroad  Company.  Leaving 
Bridgeport  at  8.4-5  a.m.,  the  train  stopped  an  hour  and  a  half  at 
Ansonia,  where  the  rolling-mills  of  the  Ansonia  Brass  and  Copper 
Company  were  visited.  At  11.15  a.m.,  the  party  reached  Water- 
bury,  and  was  conveyed  to  the  armory  of  the  Xinth  Connecticut 
Regiment,  where  luncheon  was  served,  with  accompanying  music 
and  oratory,  after  which  separate  smaller  parties  were  organized  for 
visiting  respectively  the  mills  of  Benedict  &  Burnham,  Booth  & 
Hayden,  Randolph  &  Clowes,  the  Furrill  foundry,  the  Scovil 
Manufacturing  Company,  the  Waterbury  Brass  Company,  the  Wa- 
terbury  Watch  Company  and  other  establishments.  At  4  p.m.,  the 
special  train  left  Waterbury,  and  the  party  arrived  at  Bridgeport  an 
hour  later,  after  a  delightful  day. 

Friday,  October  5th,  was  spent  in  visiting,  under  the  guidance  of 
the  Local  Reception  Committee,  numerous  points  of  interest  in 
Bridgeport,  including  the  Seaside  Park,  the  Wheeler  &  Wilson 
Sewing  Machine  Company's  works,  the  Holmes  &  Edwards  Silver 
Company,  the  Barnura  Institute,  the  Bridgeport  Chain  Company, 
the  Bridgeport  Brass  Company's  works,  the  Seaside  Institute  and 
the  Warner  Brothers  corset  factory,  the  Farist  steel  works,  Eaton, 
Cole  &  Burnham's  works  and  the  Sella  Collection  of  Mountain 
Photographs  on  view  at  the  Public  Library.     Luncheon  was  served 
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at  the  beautiful  Seaside  Institute,  established  in  connection  with  the 
factory  of  Warner  Brothers  for  the  benefit  of  their  employees. 

In  the  afternoon,  a  water  excursion  took  place  in  the  harbor  of 
Bridgeport,  and  in  the  evening  a  "shore  dinner"  was  given  to  the 
Institute  and  other  invited  guests  by  the  Bridgeport  Reception  Com- 
mittee at  the  George  Hotel.  This  dinner,  consisting  almost  exclu- 
sively of  sea-food,  and  followed  by  toasts  and  speeches,  was  highly 
enjoyed  by  all. 

On  Saturday,  October  6th,  a  special  train  conveyed  the  members 
and  guests  of  the  Institute  to  New  Haven,  where  they  were  received 
by  the  President  and  Faculty  of  Yale  University  and  conducted 
through  various  buildings  of  the  university  and  of  the  Sheffield 
Scientific  School,  after  which  they  enjoyed,  at  the  invitation  of  the 
Mayor  and  Council  of  New  Haven,  a  drive  through  the  city  and 
to  the  magnificent  East  Rock,  which  constitutes  the  unsurpassed  at- 
traction of  the  suburbs.  The  perfect -autumn  weather  gave  to  this 
memorable  experience, the  last  touch  of  perfection  and  made  it  a 
tit  climax  for  the  pleasures  of  the  week. 
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The  following  persons  registered  their  names  at  the  hotel-head- 
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THE  STETEFELDT  FURNACE. 

BY  C.   A.    STETEFELDT,    OAKLAND,   CAL. 

(Virginia  Beach  Meeting,  February,  1894.) 

It  may  be  considered  somewhat  strange  that  I  should  present  to 
the  Institute,  at  this  date,  a  paper  on  the  Stetefeldt  furnace,  which 
was  first  introduced  for  actual  mill-work  at  Reno,  Nevada,  in  1869. 
What  induces  me  to  take  this  step  is  the  fact  that  many  misconcep- 
tions still  exist  about  this  furnace.  Comparatively  few  professional 
metallurgists  have  had  experience  with  it;  and  it  has  been  mostly 
under  the  management  of  the  "  muscular  amalgamator."  Besides, 
the  plans  and  a  description  of  its  latest  construction  have  never  been 
published.  The  literature  on  the  Stetefeldt  furnace  in  the  Trans- 
actions is  incomplete  and  rather  limited,  being  confined  to  the  fol- 
lowing papers:  In  Trans.,  viii.,  554,  there  is  a  description  of  the 
construction  and  operation  of  the  old  Stetefeldt  furnace  at  the 
Ontario  mill,  Utah,  by  R.  P.  Rothwell.  In  Trans.,  xiv.,  341,  the 
present  writer  discusses  the  comparative  loss  of  silver  in  roasting 
Ontario  ore  in  the  Howell  and  Stetefeldt  furnaces  ;  also  the  com- 
parative loss  of  silver  and  gold  in  roasting  Lexington  ore  in  a  Stete- 
feldt furnace  at  Butte,  Montana.  R.  H.  Terhune  records  in  Trans., 
xvi.,  21,  the  results  of  experiments  in  oxidizing-roasting  of  pyriti- 
ferous  galena,  and  of  iron  matte  containing  lead,  in  a  Stetefeldt 
furnace.  In  the  same  volume,  p.  473,  Ellsworth  Daggett  compares 
favorably  the  work  done  by  the  Stetefeldt  furnace  with  that  of  the 
Other  roasting-furnaces.  The  last  reference  to  the  Stetefeldt  furnace 
in  the  Transactions  is  that  of  James  Douglas  in  his  paper,  "  Sum- 
mary of  American  Improvements  and  Inventions,  etc."  (  Trans.,  xxii., 
328),  read  at  the  Chicago  meeting,  August,  1893,  to  the  discussion 
of  which  I  have  contributed  some  observations  (Trans.,  xxii.,  659) 

In  the  papers  of  W.S.  Morse  ( Trans.,  xxi.,  9 19)  and  myself  (Trans., 
xxiii.,  134)  on  the  use  of  producer-gas  for  drying  and  roasting  ore, 
the  former  read  at  Montreal,  February,  1893,  and  the  latter  at  Chicago, 
August,  1893,  the  latest  statistics  on  the  consumption  of  fuel  for 
roasting  in  the   Stetefeldt   furnace   are   found.     Many   articles  in 
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reference  to  it  have  appeared  in  the  Eng.  and  $Iin.  Journal,  and 
some  independent  pamphlets  on  the  subject  are  now  out  of  print. 

In  a  paper  entitled,  "A  Review  of  the  Russell  Process,"  read 
before  the  Colorado  Scientific  Society,  in  May,  1893,  L.  D.  Godshall 
draws  some  questionable  general  conclusions  from  a  limited  experi- 
ence with  the  Stetefeldt  furnace  at  the  Holden  mill,  Aspen,  Colorado; 
and  this  paper  will  be  made  the  starting-point  for  combating  several 
false  notions  about  the  furnace. 

Construction  of  the  Stetefeldt  Furnace. — The  latest  improvement 
in  construction  consists  in  the  application  of  producer-gas,  generated 
in  a  Taylor  gas-producer.  So  far  as  the  use  of  gas-fuel,  generally 
speaking,  is  concerned,  it  had  already  been  applied  in  the  Manhattan 
furnace,  Austin,  Nevada,  in  1870.  But  in  that  case  each  of  the 
three  fire-places  had  an  independent  gas-generator,  built  close  to  the 
furnace  and  forming  a  part  of  its  structure,  in  which  charcoal  or  a 
mixture  of  charcoal  and  wood  was  used.  In  consequence  of  the  ex- 
cellent results  obtained  with  this  system  at  Austin,  furnaces  of  the 
same  construction  were  put  up  at  Mineral  Hill,  Belmont,  and  Secret 
Canon,  all  in  Nevada.  The  author,  however,  soon  discovered  that 
such  complicated  apparatus  was  not  safe  in  the  hands  of  the  average 
"  muscular  amalgamator,"  and  returned  to  building  furnaces  with 
ordinary  fire-places  for  wood.  At  Belmont  an  explosion  destroyed 
the  arches  of  the  dust- chambers,  the  foreman  of  the  mill  having 
neglected  to  light  the  gas  after  starting  the  generator.  At  Secret 
Canon  a  quicksilver-bottle,  filled  with  water,  and  fastened  to  a  hemp- 
rope,  was  used  as  a  counter-weight  for  the  cover  of  one  of  the  gener- 
ators. In  lifting  the  cover  the  rope  broke,  and  the  quicksilver-bottle 
dropped  into  the  generator-shaft.  The  fireman  did  not  consider 
that  this  might  have  serious  consequences.  After  a  while  a  terrific 
explosion  shattered  the  walls  of  the  generator,  but  fortunately  did 
no  other  damage 

It  is  evident  that  in  a  furnace  receiving  fresh  supplies  of  ore  con- 
tinuously, and  performing  the  roasting  in  a  few  seconds,  a  uniform 
temperature  must  lead  to  better  results,  economically  as  well  as 
from  a  metallurgical  standpoint. 

Plates  I.  and  II.,  in  which  the  principal  dimensions  are  specifi- 
cally given,  represent  the  latest  design  of  the  Stetefeldt  furnace,  as 
built  at  the  Holden  mill,  Aspen,  Colorado. 

The  spiral-weld  steel-tube,  A,  provided  with  expansion-joints,  B, 
supplies  gas  from  a  Taylor  gas  producer  to  the  cast-iron  burners,  C, 
which  have  openings  with  covers  in  front  for  cleaning  out  soot  and 
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tar.  The  gas  escapes  from  the  burners  through  square  holes  on  the 
top.  These  can  be  more  or  less  closed  by  cast-iron  slides  (not  shown 
in  the  drawing),  the  handles  of  which  move  through  the  covers  of 
the  frames,  D,  thus  regulating  the  supply  of  gas.  The  latter  escapes 
into  the  combustion-chambers  through  the  openings,  E.  Should 
soot  accumulate  here  it  can  be  removed  through  the  pipes,  F,  ordi- 
narily closed  by  iron  plugs.  Air  for  combustion  ascends  through 
the  channels,  G,  and  the  air-supply  is  regulated  by  sheat-iron  slides 
at  the  air-doors,  H.  The  air-channel,  I,  in  the  wall  between  shaft 
and  flue,  is  provided  to  prevent  over-heating  of  the  gas-burner. 
The  fire-bridges  can  be  cleaned  through  the  openings,  K,  and  also 
through  the  doors,  L.  Air  can  be  supplied  below  the  fire-bridges 
through  the  doors,  M,  and  the  big  door,  N,  on  the  shaft  is  used  for 
cleaning  the  hopper.  For  discharging  the  roasted  ore  from  the 
hoppers  into  cars  underneath,  the  swinging  dampers,  O,  are  pushed 
back  by  handles  running  in  guides,  which  are  not  shown  in  the 
drawing.  It  will  be  noticed  that  many  rails  (30  pounds  per  yard) 
are  inserted  in  the  walls  of  the  furnace.  Anchor-holes,  P,  running 
through  hot  walls,  are  made  two  courses  of  brick  high,  3  inches  wide 
inside  and  wider  at  the  faces  of  the  walls,  so  that  they  are  not  closed 
by  the  perpendicular  buck-straps.  The  long  walls  of  the  lower  part 
of  the  furnace  are  anchored  outside  by  the  rods,  Q.  All  walls  are 
braced  by  wrought-iron  buck-straps  between  anchor-rods.  Where 
ordinary  bricks  of  good  quality  can  be  obtained,  a  lining  of  fire- 
brick is  only  necessary  in  the  lower  part  of  the  shaft  and  flue,  com- 
mencing about  4  feet  above  the  fire-bridges  in  the  shaft  and  at  the 
fire-place  in  the  flue.  Other  details  of  the  furnace  do  not  require 
description. 

The  Stetefeldt  feeder,  shown  in  Plate  III.,  consists  of  a  cast- 
iron  grate,  A,  covered  by  a  punched  steel-sheet  with  holes  of  one- 
eighth  of  an  inch  or  less  diameter,  through  the  openings  of  which  the 
ore-pulp,  mixed  with  salt,  is  fed  by  the  oscillating  motion  of  the 
wrought-iron  rocker,  B.  A  coarse  wire-screen,  No.  4,  is  stretched 
over  the  frame  of  the  rocker.  The  necessary  friction  is  created  by 
the  stationary  blades,  C.  The  distance  between  the  punched-screen 
and  the  wire-screen,  and  between  the  latter  and  the  lower  edges  of 
the  blades,  can  be  regulated,  as  also  the  number  of  strokes  the  rocker 
makes  per  minute,  whereby  it  becomes  possible  to  feed  into  the  fur- 
nace, with  the  same  machine,  almost  any  desired  quantity  of  ore. 
The  coarser  and  warmer  the  pulp,  the  easier  works  the  feeder.  A 
damper,  moved  by  a  screw,  is  inserted  below  the  grate,  A,  whenever 
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it  becomes  necessary  to  exchange  worn-out  screens.  This  is  also 
done  when  the  feeding  of  ore  is  stopped  for  any  length  of  time. 

The  dust-chambers,  of  which  drawings  and  a  description  were 
published  in  the  Eng.  and  Mm.  Journal  of  July  28,  1883,  have  not 
been  changed  in  construction.  The  Stetefeldt  feeder  has  also  re- 
mained the  same,  except  that  the  rocker  with  coarse  wire-screen, 
which  was  formerly  supported  by  friction-rollers,  is  now  suspended 
by  adjustable,  flexible  steel-bands.  A  change  in  the  frame  of  the 
feeder  was  made  many  years  ago.  Originally  it  was  in  the  form  of 
a  water-jacket.  This  caused  a  serious  accident  at  Mineral  Hill, 
Nev.  The  wise  chief  engineer  of  the  mill  had  provided  the  influx 
as  well  as  the  discharge  water-pipe  of  the  jacket  with  cocks.  Some 
thoughtless  fellow  had  shut  both  cocks,  and  when  the  furnace  was 
fired  up,  after  a  clean-up  of  the  mill,  the  fireman  noticed  some  steam 
issuing  from  the  water-jacket.  As  he  stepped  near,  an  explosion 
took  place,  and,  blinded  by  dust,  the  man  staggered  forward  and 
dropped  into  the  hot  shaft.  Although  taken  out  alive,  he  died 
shortly  afterwards.  From  that  time  on  the  water-jacket  was  dis- 
carded, and  it  proved  to  have  been  superfluous. 

Application  of  the  Stetefeldt  Furnace. — The  Stetefeldt  furnace  was 
especially  invented  and  designed  for  the  chloridizing-roasting  of 
silver-ores,  necessary  for  subsequent  beneficiation  by  amalgamation 
or  lixiviation ;  and  in  this  field  it  has  been,  and  is  now,  largely,  suc- 
cessfully and  exclusively  used.  Whether  it  can  roast  to  advantage 
pyritic  ores  preparatory  to  smelting  in  reverberatory  or  blast-fur- 
naces has  never  been  proved  or  disproved,  the  smelters  persistently 
refusing  to  try  the  experiment  on  accountof  the  expense,  because 
such  a  furnace  must  be  built  on  a  large  scale.  That  silver-ores  car- 
rying a  very  large  percentage  of  pyritic  mineral  can  be  well  chlori- 
dized  in  a  Stetefeldt  furnace  has  never  been  claimed,  because  this 
cannot  be  done  directly  in  a  reverberatory-furnace  either.  In  the 
latter  furnace  an  oxidizing-roasting  of  ores  high  in  sulphur  always 
precedes  the  admixture  of  salt.  Hence,  if  such  ores  are  to  be 
chloridized  in  a  Stetefeldt  furnace,  they  should  be  first  partly  desul- 
phurized either  by  heap-roasting  or  by  roasting  in  a  Gerstenhofer  or 
Hasenclever  furnace.  The  ore  from  the  Sombrerete  mine,  Mexico, 
was  only  successfully  chloridized  in  a  Stetefeldt  furnace  after  it  had 
been  subjected  to  a  somewhat  crude  and  hasty  heap-roasting. 

Mr.  Godshall,  in  his  paper  cited  above,  u  based  on  the  actual  ex- 
perience of  nearly  a  year  as  superintendent  of  the  Holden  S.  &  M. 
Co.  at  Aspen,  Colorado,"  says  : 
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"The  use  of  this  furnace  has  certain  limits,  beyond  which  it  is  unwise  to  go. 
Siliceous  ores  carrying  6  per  cent,  or  more  sulphur  can  be  chloridized  better  in  some 
other  furnace.  Ores  carrying  a  large  percentage  of  lime — say,  from  15  to  20  per 
cent,  of  CaO — are  also  very  difficult  to  chloridize  properly  in  the  Stetefeldt  fur- 
nace, unless  sufficient  sulphur  is  present  to  combine  with  the  CaO  and  form  CaS04; 
even  then  the  chloridization  in  the  furnace  is  frequently  very  low  and  rarely  ex- 
ceeds 60  per  cent. 

"The  writer  has  seen  the  furnace  deliver  roasted  ore  from  certain  mixtures  high 
in  lime  and  sulphur  where  not  more  than  15  to  20  per  cent,  of  the  silver  had  been 
chloridized  in  the  shaft  of  the  furnace,  where  about  65  per  cent,  of  the  ore  is 
roasted.  However,  after  the  above  ore  had  been  lying  on  the  cooling-floor  for  three 
days,  fully  90  per  cent,  of  the  silver  was  found  to  be  chloridized.  The  extremely 
low  percentage  of  the  silver  converted  into  chloride  in  the  furnace  was  due  partly 
to  its  having  been  crowded  beyond  its  capacity,  but  chiefly  to  the  large  percentage 
of  sulphur  present  causing  such  a  strong  reducing  atmosphere  of  sulphur  dioxide 
that  the  effect  of  the  chlorine  liberated  by  the  acid  gases  was  neutralized.  Fre- 
quently the  odor  of  sulphurous  acid  escaping  from  the  roasted  ore  as  it  was  dis- 
charged from  the  shaft  of  the  furnace  was  sufficiently  strong  to  overcome  all  smell 
of  chloride  fumes.  The  sulphur  in  the  raw  charge  of  the  ore  just  considered 
ranged  from  8  to  10  per  cent.,  being  about  half  that  of  the  lime  and  magnesia 
present." 

And  a  little  further  on  : 

"Can  such  ores  be  roasted  better  with  any  other  furnace?  Metallurgically,  the 
answer  is,  Yes.  The  proof  of  the  above  assertion  with  regard  to  Aspen  ores  has 
been  demonstrated  by  the  writer  by  roasting  in  a  reverberatory-furnace  ten  lots  of 
ore  containing  25  per  cent,  of  CaO  (MgO  not  determined,  but  probably  amounting 
to  10  or  12  per  cent.)  with  less  than  2  per  cent,  of  sulphur,  and  using,  practically, 
the  same  amount  of  salt  as  in  the  Stetefeldt  furnace.  The  chloridization  was  all  that 
could  be  desired." 

And  finally,  in  his  conclusions,  he  says : 

"For  ores  containing  from  3  to  8  per  cent,  of  sulphur,  the  Brueckner,  Pearce  or 
Howell-White  are  to  be  recommended." 

It  does  not  seem  out  of  place  to  combat  such  unwarranted  limita- 
tions of  the  use  of  the  Stetefeldt  furnace. 

Mr.  Godshall,  however,  is  rather  generous  in  admitting  ores  with 
less  than  6  per  cent,  of  sulphur,  which  limit,  however,  he  reduces 
finally  to  3  per  cent.  Some  metallurgical  writers  have  gone  so  far 
as  to  contend  that  only  oxidized  or  so-called  "chloride-ores"  were 
fit  for  treatment  in  this  furnace,  because  they  happened  to  see  the 
furnace  in  operation  on  such  material. 

I  should  say  here  that  the  Aspen  ore  to  which  Mr.  Godshall  refers 
is  exceptional  and  peculiar  in  its  character.  The  gangue  is  composed 
of  quartz,  heavy -spar  and  dolomite;  pyritic  minerals  are  either  en- 
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tirely  absent  or  else  occur  only  in  small  quantities.  "Which  of  the 
two  statements  is  correct,  I  do  not  know,  having  never  seen  speci- 
mens of  the  ore.  The  analysis  given  by  Mr.  Morse,  and  also  by 
Mr.  Godshall,  refers  not  to  the  Aspen  ore  pure  and  simple,  but  to 
the  ore-pulp  sent  to  the  furnace,  i.e.,  to  Aspen  ore  plus  the  addition 
of  pyritic  ores.  An  average  pulp-sample  from  over  30,000  tons  of 
ore  contained  as  follows:  Si02,  21.7;  BaS04,  20.9;  CaO,  11.0; 
MgO,  4.2;  Fe,  10.0;  Zn,  2.9;  Pb,  2.3;  Cu,  0.16;  S,  8.1  per  cent. 
"Whether  all  the  CaO  and  MgO  are  combined  with  carbonic  acid,  or 
partly  with  silica,  is  not  stated. 

Now,  in  the  first  place,  it  must  be  acknowledged  that  the  Aspen 
ore  is  a  difficult  ore  to  chloridize  in  the  Stetefeldt  as  well  as  in  any 
other  furnace;  and  while  it  would  be  injudicious  to  draw  general 
conclusions,  as  Mr.  Godshall  does,  from  a  single  and  short  experience, 
under  any  circumstances,  it  is  pre-eminently  so  in  this  instance. 
From  the  fact  that  the  sulphur  in  the  Aspen  ore  exceeds  Godsball's 
limit  by  2  to  4  per  cent.,  according  to  his  first  statement,  and  from 
5  to  7,  according  to  his  second  one,  one  would  be  forced  to  the  con- 
clusion that  the  Stetefeldt  furnace  at  the  Holden  mill  was  a  complete 
failure.  Mr.  Morse's  statistics  contradict  this.  For  instance,  dur- 
ing four  months,  from  August  to  November,  1892, 'the  silver  left  in 
the  tailings,  after  extraction  by  the  Russell  process,  was  10  per  cent. 
of  the  silver  in  the  ore,  which  ranged  in  value  from  21  to  27  ounces 
per  ton,  and  the  sulphur  in  undecomposed  sulphurets  had  been  re- 
duced to  0.2  per  cent.  Would  any  other  furnace  have  done  better 
"  metal!  urgically  ?"  Mr.  Godshall  gives  no  definite  reply  to  this 
question;  he  only  says,  that  the  reverberatory-furnace,  with  only 
£  of  pyritic  ores  added,  and  the  same  amount  of  salt,  gave  a  chlori- 
nation  that  "  was  all  that  could  be  desired."  But  even  granting 
that,  "metallurgically,"  any  other  furnace  would  produce  better  re- 
sults than  the  Stetefeldt,  would  this  be  true  "economically,"  especi- 
ally with  ores  averaging  only  24  ounces  of  silver  per  ton?  Metal- 
lurgically, we  can  accomplish  anything;  but  the  metallurgist  who 
leaves  the  question  of  economy  out  of  sight  is  a  dead  failure.  What 
would  be  the  cost  of  a  reverberatory-furnace  plant  to  treat  90  tons  of 
Aspen  ore  per  day  ?  How  much  labor  would  be  needed  ?  Could 
a  ton  of  ore  be  roasted  in  a  reverberatory-furnace  at  an  expenditure 
of  18  cents  (Mr.  Morse's  official  figure)  for  fuel? 

I  could  quote  many  examples  of  roasting  in  the  Stetefeldt  furnace, 
with  results  of  high  chlorination,  of  ores  containing  far  more  sulphur 
than  Mr.  Godshall's  limit  of  less  than  6  per  cent.,  or  less  than  3  per 
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cent,  (which  of  the  two  limits  is  the  correct  one  his  readers  must  de- 
cide for  themselves);  but,  unfortunately,  no  exact  sulphur  determi- 
nations were  made.  I  can  give,  however,  exact  analytical  figures  on 
base  ore  from  the  500-foot  level  of  the  Ontario  mine.  The  analyses, 
to  which  further  reference  will  be  made  later,  were  executed  by  Mr. 
Falkenau,  of  San  Francisco.  From  Falkenau's  analysis  the  follow- 
ing mineralogical  composition  of  the  ore  was  calculated  : 

15.00  per  cent,  zinc-blende,      containing    6.0  "^    per  cent,  of 
7.60       "  galena,  "  5.8  V     the  silver 

4.55       "  fahlore,  "  88.2 )     in  the  ore. 

3.50       ''  pyrites  of  iron,         "  Trace. 

69.35        "  gangue,  composed  of  quartz  and  clay. 

The  contents  in  sulphur,  which  alone  interest  us  here,  were  7.68 
per  cent.  In  samples  of  roasted  ore  from  the  shaft,  taken  immedi- 
ately after  discharging,  81.3  per  cent,  of  the  silver  was  chloridized, 
and  the  sulphur  in  undecomposed  sulphurets  was  0.18  per  cent. 

In  samples  of  roasted  ore  from  the  flue,  taken  immediately  after 
discharging,  82.2  per  cent,  of  the  silver  was  chloridized,  and  the 
sulphur  in  undecomposed  sulphurets  was  only  0.064  per  cent.  It  is 
hardly  necessary*  to  add  that  the  chlorinations  rose  high  into  the 
nineties  after  the  ore  had  remained  in  heaps  for  21  hours  on  the 
cool  ing- floor.  * 

From  this  it  appears  that  the  Stetefeldt  furnace  is  by  no  means 
such  a  poor  desulphurizer  as  the  majority  of  metallurgists  are  in- 
clined to  assume,  i.e.,  when  proper  conditions  are  maintained  and 
the  capacity  of  the  furnace  is  not  overtaxed,  as  was  the  case  in  the 
experiment.  About  35  tons  of  ore  were  roasted  in  twenty-four 
hours.  I  call  especial  attention  to  the  fact  that  the  larger  part  of 
the  sulphur  in  this  ore  was  combined  with  zinc  and  lead. 

Mr.  A.  F.  Wendt  brought,  in  18t)0,  a  large  quantity  of  silver-ore 
from  the  Huanchaca  mine,  Bolivia,  to  the  United  States  for  experi- 
mental purposes.  An  analysis  of  the  ore  is  not  at  my  disposal, 
especially  not  a  determination  of  its  percentage  in  sulphur;  but 
judging  from  appearances  it  must  have  contained  not  less  than  30 
and  up  to  40  per  cent,  of  sulphur.  It  consisted  of  a  solid  mass  of 
pyritic  minerals,  principally  pyrites,  zinc-blende,  and  galena.  Ms- 
services  having  been  engaged  to  roast  this  ore  chloridizing  in  the 
Stetefeldt  furnace  at  the  Ontario  mill,  I  pronounced  it  at  once  un- 
suited  for  such  treatment  without  previous  heap-roasting,  to  which 
it  was  well  adapted.     The  ore  was,  however,  roasted  directly  in  the 
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Stetefeklt  furnace,  and  some  interesting  results  will  be  given  later 
on.  Huanchaca  ore  was  also  roasted  in  Bruckner  furnaces  in  Colo- 
rado, and  at  the  Boston  and  Montana  works  in  Butto,  and  in  the 
Stetefeldt  furnace  at  the  Lexington  mill.  Upon  samples  of  roasted 
ore  from  the  latter  places,  analytical  investigations  were  made  by 
Mr.  Falkenau. 

A  charge  of  5J  tons  of  Huanchaca  ore,  roasted  oxidizing  in  a 
large  Bruckner  furnace,  still  contained  after  twenty  hours  16.4  per 
cent,  of  sulphur  in  sulphurets.  In  another  charge,  9.1  per  cent,  of 
sulphur  in  sulphurets  was  found  after  sixty  hours  of  roasting.  A 
charge  roasted  first  oxidizing,  and  then  with  salt  (time  of  roasting 
not  given),  contained  10.7  per  cent,  of  sulphur  in  undecomposed 
sulphurets. 

A  lot  of  Huanchaca  ore  was  first  partially  desulphurized  in  a 
Bruckner  furnace  (how  much  sulphur  was  left  not  stated  or  investi- 
gated, but  evidently  a  large  amount.  The  sample  is  also  described 
as  being  coarsely  crushed  but  without  giving  size  of  screen),  and 
then  roasted  chloridizing  in  the  Stetefeldt  furnace  at  the  Lexington 
mill.  In  the  roasted  ore  the  following  percentages  of  sulphur  were 
found  in  undecomposed  sulphurets:  Coarse  ore  from  shaft,  10.4  per 
cei;t. ;  ore  from  flue  below  auxiliary  fire-place,  3.2  per  cent. ;  ore 
from  dust-chambers,  1.3  per  cent.  Chlori nation-tests  of  these  sam- 
ples were  not  made  by  Mr.  Falkenau,  and  I  have  no  information 
about  them. 

These  imperfect  figures  show  that  the  Stetefeldt  furnace,  even  in 
roasting  such  ores,  is  a  fair  desulphurizer  as  compared  with  the  slow 
work  of  the  Bruckner  furnace.  Results  of  roasting  pyritic  ores 
oxidizing  in  the  Stetefeldt  furnace  would,  no  doubt,  be  materially 
improved  if  the  furnace  were  constructed  especially  for  this  purpose, 
and  care  were  taken  not  to  overtax  its  capacity. 

The  Chlorination  of  Base  Ores  on  the  Cooling- Floor. — It  is  well 
known  that  high  chlorinations  of  silver-ores  containing  a  large  per- 
centage of  pyritic  minerals  can  only  be  obtained  after  roasting  in  a 
Stetefeldt  furnace  by  leaving  the  discharged  ore  for  twenty-four 
hours,  or  longer,  in  heaps  on  the  cooling-floor.  The  same  applies 
to  the  Howell  furnace.  But  why  should  this  be  made  an  objection? 
This  chloridizing  in  heaps  costs  nothing  except  interest  on  the  capi- 
tal invested  in  a  larger  cooling-floor.  The  incomplete  desulphuriza- 
tion  and  chlorination  of  a  base  ore,  immediately  after  discharging 
from  a  Stetefeldt  furnace,  shows  itself  by  the  pungent  smell  of  sul- 
phurous and  sulphuric  acid,  and  by  the  presence  of  a  large  percent- 
age of  magnetic  oxide  of  iron  (which  can  be  extracted  by  a  magnet), 
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provided  the  ore  was  rich  in  pyrites  of  iron.  After  sufficient  expo- 
sure on  the  cooling-floor  the  magnetic  oxide  disappears  either  almost 
entirely  or  is  at  least  greatly  reduced  in  quantity.  Thus,  for  in- 
stance, base  ore  roasted  in  the  shaft  of  the  Lexington  furnace  con- 
tained 17.5  per  cent,  of  magnetic  oxide  immediately  after  discharg- 
ing, and  only  2.3  per  cent,  after  having  remained  for  twelve  hours 
on  the  cooling-floor.  The  chlorination  of  the  silver  increased  during 
this  time  from  47.7  to  90.8  per  cent. 

The  effect  of  heap-roasting  on  the  cooling-floor  can  be  best  studied 
by  quoting  observations  made  on  roasting  Huanchaca  ore  in  the 
Ontario  mill. 

In  one  experiment  three  tons  of  this  ore  were  crushed  in  a  battery 
of  ten  stamps  through  a  No.  40  screen  at  the  rate  of  1  ton  per  hour, 
and  fed  into  the  furnace  with  18.5  per  cent,  of  salt.  The  ore,  after 
discharging,  emitted  such  a  strong  smell  that  it  was  scarcely  possible 
to  approach  the  pile  for  thorough  sampling.  A  quickly  cooled  sam- 
ple from  the  shaft  looked  perfectly  black,  and  30  per  cent,  of  mag- 
netic oxide  of  iron  was  extracted  from  it.  Ore  from  the  flue  con- 
tained only  10.5  per  cent,  of  magnetic  oxide.  The  discharged  ore 
was  piled  up  about  2  feet  high,  keeping  the  products  from  the  shaft 
and  flue  separate.  After  twenty  hours  a  porous  crust,  from  5  to  8 
inches  thick,  had  formed  on  the  heaps,  and  this  was  removed.  The 
crusts  and  the  insides  of  the  heaps  were  now  sampled.  The  changes 
which  had  taken  place  are  recorded  in  the  following  tables : 

Roasted  Ore  from  Shaft. 


Immediately  after  discharging 

Inside  of  heap 

Crust 


Soluble  Salts. 
Per  cent. 


Chlorinations 
of  the  Silver. 

Per  cent. 


22.2 
19.7 
39.8 


18.1 

21.8 
70.9 


Roasted  Ore  from  Flue. 


Immediately  after  discharging  1st  flue-hopper. 
"  "  "     2d  and  3d     " 

Inside  of  heap 

Crust 


Soluble  Salts. 
Per  cent. 


15.9 
26.6 
22.5 
29.2 


Chlorinations 
of  the  Silver. 

Per  cent. 


14.3 
59.2 
53.2 

89.2 
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The  distribution  of  ore  in  the  furnace  was  about  as  follows  :  68 
per  cent,  in  shaft;  20  per  cent,  in  first  flue-hopper;  2.5  per  cent,  in 
second  and  third  flue-hoppers ;  and  the  rest  in  dust-chambers.  The 
collection  in  the  second  and  third  flue-hoppers  is  always  slight. 

As  already  observed,  the  samples  taken,  immediately  after  dis- 
charging, were  not  exact  averages. 

If  the  ore  had  been  left  on  the  cooling-floor  in  large  heaps  for 
three  days,  instead  of  twenty  hours,  undoubtedly  much  higher  chlo- 
rinations  would  have  been  obtained.  It  is  to  be  regretted  that  sul- 
phur-determinations were  not  made.  The  increase  in  the  percentage 
of  soluble  salts  in  the  crusts  is  very  notable. 

In  conclusion,  I  give  the  remarkable  results  obtained  in  amalga- 
mating the  roasted  Huanchaca  ore  in  iron  pans: 

Amalgamation  of  Huanchaca  Ore. 


Charge. 

Chlorination  of 
car-sample. 

Per  cent. 

Silver  extracted 
by  Amalgamation. 

Per  cent. 

1 

38.8 
36.7 
33.7 
33.7 

75.9 
80.0 
81.3 
89.0 

2 

3 

4 

The  value  of  the  roasted  ore,  after  leaching  out  soluble  salts,  was 
from  118  to  123  ounces  of  silver  per  ton. 

The  last  and  highest  result  was  obtained  by  adding  4  pounds  of 
blue-stone  to  the  pan-charge  of  3000  pounds. 

The  retorted  bullion  was  .814  fine  in  silver. 

From  this,  it  would  appear  as  if  a  high  chlorination  was  more 
detrimental  than  beneficial  to  the  amalgamation  of  Huanchaca  ore ; 
the  highest  results  having  been  obtained  with  ore  of  the  lowest  chlo- 
rination. I  have  no  doubt  that  the  addition  of  more  blue-stone  than 
4  pounds  to  the  pan-charge  would  have  increased  the  extraction  ma- 
terially ;  but  the  roasted  ore  had  all  been  amalgamated  before  the 
beneficial  effect  of  the  blue-stone  was  discovered. 

The  question  is  pertinent.  How  is  the  chlorination  of  the  silver 
effected  in  heap-roasting?  Mr.  Godshall  discusses  this  question  as 
follows : 


"While  on  the  cooling-floor,  the  ore  undergoes  aheap  chloridizing-roasting.    In- 
asmuch as  the  supply  of  free  oxygen  is  extremely  limited,  and  repeated  tests  failed 
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to  show  any  presence  of  sulphate  of  iron,  it  would  seem  to  indicate  that  sulphurous 
acid  might,  under  certain  conditions,  have  the  power  of  liberating  the  chlorine  from 
the  salt,  with  formation  of  sulphite  of  soda.  The  writer  freely  admits  that  he  is 
ignorant  of  the  exact  chemical  reaction  which  occurs,  under  conditions  of  heat  and 
exclusion  of  air,  between  sulphurous  acid  and  sodium  chloride." 

It  is  somewhat  surprising  that  such  an  able  chemist  as  Mr.  God- 
shall  should  advance  such  a  poor  theory,  which,  as  he  admits,  he 
cannot  himself  explain. 

In  the  first  place,  it  is  not  true  that  the  supply  of  air  to  the  ore 
is  excluded,  or  extremely  limited.  The  crust  on  the  surface  of  the 
heap  is  extremely  porous,  and  so  is  the  ore  inside  of  the  heap.  This 
can  be  easily  ascertained  by  filling  a  cupel-mould  with  the  roasted 
ore  and  pressing  it  down  with  the  piston.  While  the  access  of  the 
air  is  slow,  it  is,  practically,  unlimited  if  sufficient  time  is  allowed. 
That  Mr.  Godshall  failed  to  find  any  sulphate  of  iron  counts  for 
nothing,  the  temperature  being  too  high  inside  of  the  heap  for  the 
formation  and  existence  of  this  salt. 

It  seems  to  me,  that  the  theory  of  this  heap-roasting  is  very  sim- 
ple. The  lower  oxides  (and  their  salts)  of  copper,  manganese,  and 
iron,  easily  combiue,  and  their  higher  oxides  easily  part  with  oxygen 
under  certain  conditions,  thus  acting  as  transferrers  of  oxygen  to 
other  compounds  which  do  not  combine  with  it  directly.  This  is 
beautifully  illustrated  by  the  conversion  of  sulphurous  into  sulphuric 
acid  in  the  Roessler  converter.  In  heap-roasting  a  similar  reaction 
takes  place.  Here,  the  oxygen  of  the  air,  at  first,  slowly  attacks  the 
sulphur  in  undecomposed  sulphurets  and  forms  sulphurous  acid. 
The  latter,  remaining  in  contact  with  the  higher  oxides  of  copper, 
manganese,  and  iron,  is  converted  into  sulphuric  acid,  which  decom- 
poses the  salt  and  sets  chlorine  free.  That  the  lower  oxides  again 
combine  with  oxygen  to  higher  ones  is  proved  by  the  conversion  of 
the  magnetic  oxide  to  ferric  oxide  inside  of  the  heap  after  sufficient 
time  has  elapsed.  As  in  the  Roessler  converter,  the  reducing 
and  oxidizing  reactions,  producing  sulphuric  acid,  go  on  simulta- 
neously; but  they  cease  when  all  the  undecomposed  sulphurets 
have  disappeared,  or  the  temperature  has  become  too  low.  If  the 
access  of  air  were  excluded,  none  of  these  reactions  could  take  place 
in  heap-roasting.  With  the  reactions  effecting  the  chlorination  of 
the  silver  we  need  not  concern  ourselves  here.  I  have  observed  that, 
other  conditions  being  the  same,  silver-ores  containing  a  fair  per- 
centage of  copper  can  always  be  more-highly  chloridized  than  those 
in   which  copper  is  absent,  or  occurs  only  in  very  slight  quantity. 
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This  is  due  to  the  fact  that  copper  is  the  most  energetic  transferrer 
of  oxygen,  of  the  three  metals  named,  in  the  formation  of  sulphuric 
acid. 

The  Constitution  of  the  Ore  After  Roasting  in  the  Stetefeldt  Furnace. 
— Samples  of  roasted  Ontario  ore  (the  mineralogical  composition  of 
the  raw  ore  has  been  given  above)  taken  immediately  after  discharg  - 
ing  from  the  shaft  and  flue,  were  subjected  to  a  partial  chemical 
analysis  with  the  following  results : 

Roasted  Ore  from  the  Shaft. 

Per  cent. 

Cupric  and  cuprous  chloride, 0.25 

Zinc  chloride,      ..........     1.38 

Aluminum  chloride,  .         .        .         .         .        .         .        .         .1.51 

Sodium  chloride, 3.68 

Traces  of  other  chlorides. 

Lead  sulphate, 3.26 

Aluminum  sulphate, 0.56 

Sodium  sulphate,  4 4.62 

Traces  of  other  sulphates. 

Remainder :  Metallic  oxides  and  gangue. 

Roasted  Ore  from  the  Flue. 

Per  cent. 

Aluminum  chloride, 1.07 

Sodium  chloride, 3.08 

Traces  of  other  chlorides. 

Copper  sulphate, .0.74 

Zinc  sulphate, 1.48 

Aluminum  sulphate, 2.88 

Lead  sulphate, 5.18 

Sodium  sulphate, 10.01 

Traces  of  other  sulphates. 

Remainder  :  Metallic  oxide  and  gangue. 

The  separation  of  the  soluble  metallic  chlorides  and  sulphates  was 
effected  by  alcohol,  in  which  the  chlorides  are  soluble,  and  the  sul- 
phates are  not.  After  treatment  with  alcohol  the  soluble  sulphates 
were  extracted  by  water. 

It  appears  from  this  that  in  the  shaft  copper  and  zinc  are  only 
present  as  chlorides,  and  in  the  flue  only  as  sulphates.  The  sulphates 
of  lead  and  aluminum  predominate  in  the  flue,  and  aluminum 
chloride  predominates  in  the  shaft.  Sodium  sulphate  also  predomi- 
nates in  the  flue.  Whether  this  holds  good  generally  with  ores 
roasted  chloridizing  in  the  Stetefeldt  furnace  I  do  not  know,  such 
investigation  not  having  been  carried  out  elsewhere. 

VOL.  XXIV. — 2 
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Fine  Ct*ushing. — Those  who  have  had  no  experience  with  the 
Stetefeldt  furnace  are  still  under  the  impression  that  for  chloridizing- 
roasting  the  ore  must  be  pulverized  exceedingly  fine,  finer  than  for 
any  other  furnace.  This  is  absolutely  erroneous.  If  silver-ores  are 
to  be  roasted  in  a  Stetefeldt  furnace,  to  prepare  them  for  extraction 
by  amalgamation  or  lixiviation,  they  do  not  require  finer  crushing 
than  for  roasting  in  Bruckner,  Howell,  or  reverberatory-furnaces. 

In  all  cases  alike  the  required  fineness  of  crushing  (I  refer  here  to 
crushing  by  stamps  exclusively)  depends  on  the  character  of  the  ore, 
i.e.,  whether  the  silver-bearing  minerals  are  finely  impregnated  in 
the  gangue  or  not.  In  amalgamation  the  coarseness  of  crushing  is 
limited  by  the  capacity  of  the  settlers  to  work  off  coarse  sand  ;  and 
this  limit  is  a  26-mesh  wire-screen.  For  lixiviation  there  is  no  limit 
of  coarseness,  and  the  most  advantageous  size  of  the  screen  is  entirely 
dependent  on  the  character  of  the  ore.  The  Ontario  ore  is  very  in- 
teresting in  this  respect.  Its  principal  silver-bearing  mineral  is 
fahlore  (or  its  products  by  decomposition),  and  this  never  impreg- 
nates the  quartz,  but  occurs  in  little  bunches,  and  frequently  on  the 
cleavages  of  zinc-blende  and  galena.  The  latter  minerals,  if  pure, 
are  comparatively  low  in  silver.  How  little  coarse  crushing  affects 
the  roasting  of  Ontario  ore  in  the  Stetefeldt  furnace  is  shown  by  the 
following  table  : 


Mesh 

of  Screen  on 

Battery. 

Tons  crushed  in 
24  hours. 
Per  stamp. 

Rate  at  which  the 

St.  fur.  was  fed 

in  24  hours. 

Tons. 

Salt  used. 
Per  cent. 

Silver  extracted  by 
Russell  Process. 

Per  cent. 

20 

16 

10 

6 

2| 

55 

70 

94 

126 

12.5 

12 

14 

8 

97.0 
97.1 
93.4 
91.9 

I  do  not  know  whether  the  extraction  by  the  Russell  process  refers 
to  actual  clean-up  of  sulphides  on  ordinary  mill-assays  (which  are 
too  low),  or  to  "apparent"  extraction,  i.e.,  extraction  calculated 
from  the  value  of  the  roasted  ore,  after  leaving  out  soluble  salts,  and 
the  tailings.  This,  however,  does  not  influence  the  main  point  at 
issue,  the  experiments  having  all  been  conducted  alike. 

The  lower  extraction  in  the  last  two  experiments  may  have  been 
due  more  to  overtaxing  the  capacity  of  the  furnace  than  to  coarse 
crushing.     In  the  last  experiment  the  lower  percentage  of  salt  may 
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have  influenced  the  result.  Ontario  ore,  however,  is  very  exceptional 
in  this  respect,  and  there  may  not  be  many  ores  that  could  be  roasted 
successfully  for  lixiviation  after  crushing  through  a  No.  6  battery- 
screen. 

The  Volatilization  of  Silver  by  Chloridizing- Roasting  in  the  Stete- 
feldt  Furnace. — Mr.  Godshall  discusses,  in  his  paper  quoted  above, 
the  causes  for  the  loss  of  silver  by  volatilization  in  roasting,  but  does 
not  say  anything  new  on  the  subject.  The  evaporation  or  volatili- 
zation of  all  substances  is  governed  by  the  same  general  laws.  The 
effective  elements  are :  Time,  temperature,  surface  exposed,  character 
of  the  atmosphere  in  which  evaporation  or  volatilization  takes  place, 
density  or  pressure  of  the  latter,  and  its  motion  or  exchange  in  rela- 
tion to  the  substance  evaporated  or  volatilized.  Thus,  for  instance, 
more  silver  is  volatilized  in  roasting  a  small  ore-sample  in  a  muffle 
than  in  actual  reverberatory-furnace  work,  because  more  surface  is 
exposed,  and  the  particles  have  more  contact  with  air  in  the  former 
case. 

In  regard  to  the  Stetefeldt  furnace,  Mr.  Godshall  says : 

"  Mr.  Stetefeldt  claims  that  the  volatilization  of  silver  is  priucipally  a  function  of 
time.  If  the  above  statement  is  true,  it  is  one  of  the  strongest  arguments  in  favor 
of  the  Stetefeldt  furnace.  If  it  can  be  shown  that  with  only  momentary  exposure 
of  the  ore,  as  is  the  case  in  the  Stetefeldt  furnace,  the  percentage  of  silver  volatil- 
ized is  as  high  or  nearly  as  high  as  when  the  ore  is  roasted  for  eight  hours  with  the 
same  quantity  of  salt  in  a  reverberatory-furnace,  it  must  be  concluded  that  there 
are  other  influences  more  important  than  time  governing  such  loss.  This  has  been 
found  to  be  the  case  with  Aspen  ores.  The  average  loss  by  volatilization  deter- 
mined in  roasting  some  twenty-ton  lots  of  ore  in  a  reverberatory-furnace  was  found 
to  be  less  than  that  experienced  at  Aspen,  where  the  Stetefeldt  furnace  is  used." 

I  do  not  find  fault  with  Mr.  Godshall's  general  argument,  but 
with  his  method  of  stating  the  facts.  He  does  not  even  state  the 
difference  in  the  loss  of  silver.  "What  he  should  have  given  is  the 
loss  in  each  furnace,  with  full  explanations  how  the  results  were 
obtained.  This  is  not  like  giving  the  results  of  a  chemical  analysis 
which  is  based  upon  well  known  and  acknowledged  methods  of  in- 
vestigation.    Mr.  Godshall's  dogmatic  statement  fails  to  convince. 

It  is  easy  enough  to  determine  the  silver  in  some  twenty-ton  lots 
of  ore  before  and  after  roasting  in  a  reverberatory-furnace ;  but  when 
it  comes  to  an  exact  and  reliable  investigation  of  this  kind  concern- 
ing results  in  the  Stetefeldt  furnace,  the  difficulties  are  many,  and 
the  sources  of  error  are  not  easily  eliminated.  Or  if  Mr.  Godshall 
made  use  of  an  indirect  method,  as  I  did  in  ascertaining  the  relative 
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loss  of  silver  by  volatilization  in  the  Howell  and  Stetefeldt  furnaces 
at  the  Ontario  mill  (see  my  paper,  previously  referred  to),  he  should 
have  stated  this  in  detail. 

Regarding  the  Stetefeldt  furnace,  a  loss  of  silver  caused  by  dust- 
chambers  of  insufficient  capacity,  should  not  be  confounded  with  loss 
by  volatilization. 

At  the  Ontario  mill  the  dust-chambers  are  connected  with  the 
chimneys  by  long  flues  ascending  the  side  of  a  steep  hill.  The  flues 
are  about  150  feet  long,  4  feet  wide,  and  6  feet  high,  with  several 
perpendicular  steps  where  large  quantities  of  dust  collect.  These 
flues  are  cleaned  once  a  year,  and  the  dust  taken  out  represents  in 
weight  about  1.2  per  cent,  of  the  total  ore  sent  to  the  furnaces,  and 
contains  about  1.26  per  cent,  of  its  silver.  If  these  flues  were  absent, 
and  the  dust  now  gathered  in  them  had  escaped  into  the  air  through 
the  chimneys,  could  this  be  charged  to  "  loss  by  volatilization?" 

At  Aspen  the  chimney  of  the  Stetefeldt  furnace  stands  close  to  the 
last  dust-ohamber.  The  furnace  roasts,  in  twenty-four  hours,  more 
than  double  the  quantity  of  ore  going  through  the  Ontario  furnace  ; 
the  Aspen  ore  contains  between  three  and  four  times  as  much  sul- 
phur as  the  average  Ontario  ore  going  to  the  mill.  (The  richest  and 
the  basest  Ontario  ores  are  sold  to  smelters.)  Hence,  the  supply  of 
air  to  the  Aspen  furnace  must  be  at  least  six  times  as  great  as  that  to 
the  Ontario  furnace.  Finally,  the  ore  is  crushed  at  Aspen  through 
a  30-mesh  screen  ;  at  the  Ontario  mill,  through  a  26-mesh  screen. 
Mr.  Godshall  says  that  the  ore  at  Aspen  is  crushed  so  fine  that  from 
85  to  90  per  cent,  of  the  battery-pulp  passes  through  a  150-mesh 
screen.  This,  I  suppose,  is  due  to  the  peculiar  nature  of  the  gangue 
of  the  Aspen  ore.  Would  it  be  strange  then  if,  under  the  circum- 
stances, 6  per  cent,  or  more  dust  left  the  last  dust-chamber  of  the  As- 
pen furnace  and  was  lost  by  passing  out  through  the  chimney  ?  But 
could  the  silver  lost  in  this  way  be  properly  charged  to  "  loss  by 
volatilization?" 

Recently  Mr.  Morse  has  put  up  a  plant  for  collecting  this  dust, 
or  the  "  volatilized  silver,"  as  he  calls  it.  Of  its  construction  I  am 
ignorant,  as  well  as  of  the  results  obtained.  Mr.  GodshalPs  experi- 
ments refer  to  the  time  when  this  dust-plant  was  not  in  operation. 

In.  conclusion,  I  must  remark  that  the  actual  loss  of  silver  by 
volatilization  in  the  Stetefeldt  furnaces  that  were  running  formerly 
and  are  in  operation  now  has  never  been  accurately  ascertained. 
Ordinary  mill-statistics  are  utterly  worthless  for  this  purpose.  None 
of  the  mills  possess  accurate  weights  of  the  ore  taken  to  the  furnace 
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and  of  the  ore  after  roasting.  Besides,  the  ordinary  mill-assays  are 
not  correct,  being  altogether  too  low. 

The  fact  that  the  loss  of  silver  by  volatilization  during  chloridiz- 
ing-roasting  in  the  Stetefeldt  furnace  is  a  minimum,  under  all  circum- 
stances, as  compared  with  roasting  in  any  other  furnace,  lacks  abso- 
lute proof.  On  the  other  hand,  Mr.  Godshall  has  not  made  out  a 
clear  case  that  even  with  Aspen  ores  this  loss  is  less  in  the  rever- 
beratory-furnace  than  in  the  Stetefeldt. 

I  refrain  from  republishing  the  chlorinations  obtained  in  roast- 
ing silver-ores  in  the  Stetefeldt  furnace  at  numerous  mills. 


NOTE 8  ON  THE  UNWATEBING  OF  A  FLOODED  MINE, 

AND  ON  TEE  PEEME ABILITY  OF  NATUBAL 

STB  ATA  TO  AIB. 

BY  BEVERLEY  S.    RANDOLPH,   FROSTBURG,   MD. 

(Virginia  Beach  Meeting,  February,  1894.) 

The  coal-measures  of  George's  Creek  coal-region,  in  Maryland,  lie 
in  a  comparatively  flat  synclinal  basin,  about  4  miles  wide.  The 
dip  of  the  measures  is,  in  places  near  the  edge  of  the  basin,  as  much 
as  20  feet  in  100.  The  Pittsburgh  seam,  known  locally  as  the  "  Big 
Vein,"  is  the  only  seam  worked  at  the  present  time. 

Ocean  No.  3,  one  of  the  large  mines  of  the  Consolidation  Coal  Com- 
pany, has  its  opening  on  the  outcrop  of  the  Pittsburgh  seam,  in  a 
ravine  which  cuts  into  this  seam  to  such  an  extent  as  to  bring  this 
opening  to  within  a  mile  of  the  axis  of  the  basin. 

After  working  all  the  coal  to  the  rise  of  this  point,  the  mine  was 
further  developed  by  extending  a  slope  down  the  dip  of  the  seam, 
making  such  an  angle  with  the  line  of  greatest  dip  as  to  give  a  grade 
varying  from  1  to  10  per  cent.,  down  which  the  empty  cars  carry  a 
rope  from  a  single-drum  winding-engine.  The  coal  was  worked 
from  each  side  of  this  slope  in  successive  lifts  during  its  prog- 
ress. 

From  the  top  of  the  slope,  for  a  distance  of  4000  feet  to  the  fourth 
lift,  the  "  make"  of  water  is  drained  by  gravity  through  a  heading 
into  the  adjoining  mine.  Below  this  point  the  water  was  pumped  into 
this  same  heading,  at  the  fourth  lift,  from  which  point,  as  before  men- 
tioned, it  flowed  by  gravity. 
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During  the  month  of  March,  1891,  the  pumps  used  for  unwater- 
ing  this  portion  of  the  mine  were  overpowered  by  an  unexpected 
rush  of  water,  and  these  lower  workings  were  temporarily  aban- 
doned and  allowed  to  fill. 

It  was  then  determined  to  sink  a  shaft  to  reach  the  seam  near 
the  foot  of  the  slope,  in  order  to  install  a  large  pumping-plant, 
with  boilers,  at  the  top  of  the  shaft. 

Owing  to  the  hilly  nature  of  the  country,  the  most  available 
point  for  this  shaft  proved  to  be  near  George's  Creek,  at  a  dis- 
tance of  about  800  feet  from  the  nearest  heading  of  Ocean  No.  3. 
The  depth  of  shaft  required  was  about  250  feet. 


Fig.  I. 
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Heading  in  5  ft.  scam 


Heading  in  Pittsburg  seam 


An  area  of  un worked  coal,  lying  north  of  the  slope  and  below 
the  fourth  lift,  was  attacked  in  such  a  way  that  the  water  from  the 
portions  of  the  mine  already  open  could  not  flow  into  it,  and  the 
output  of  the  mine  was  thus  maintained,  while  the  lower  levels  were 
allowed  to  fill  and  the  shaft  was  being  sunk.  During  this  time  these 
lower  levels  filled  with  water  up  to  the  before-mentioned  drainage- 
heading  at  the  fourth  lift,  giving  a  head  of  about  80  feet  when  the 
water  was  eventually  drawn  off. 

The  coal  of  the  Pittsburgh  seam  in  this  district  is  very  soft  and 
friable,  and  has  frequent  "slips"  or  planes  of  fracture,  lying  at 
every  imaginable  angle,  along  which  the  cohesion  is  practically 
nothing. 

To  approach  this  body  of  water,  with  its  head  of  80  feet,  through 
such  material,  was  a  hazardous  undertaking.     Not  only  must  the 
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men  be  safely  withdrawn  after  the  water  was  tapped,  but  the  subse- 
quent flow  must  be  rigidly  controlled,  since  it  flowed  into  the  small 
sump  of  the  shaft,  and  from  there  was  lifted  to  the  surface  by  the 
pumps.  Any  water  in  excess  of  the  capacity  of  the  pumps  would, 
therefore,  flood  them  and  stop  operations.  To  meet  these  conditions, 
the  following  method  was  adopted.     (See  Fig.  1.) 

From  the  foot  of  the  shaft  a  heading  was  driven  in  the  Pittsburgh 
seam  to  within  about  100  feet  of  the  heading  of  Ocean  No.  3,  from 
which  it  was  proposed  to  draw  the  water.  At  the  same  time  a  head- 
ing was  also  driven,  parallel  to  the  first,  in  a  seam  of  coal  about  5 
feet  thick,  lying  some  40  feet  above  the  Pittsburgh  seam.  These 
headings  were  connected  at  their  faces  by  a  short  vertical  winze. 

From  a  point  about  12  feet  above  the  top  of  the  Pittsburgh  seam 
a  drift  was  driven  from  the  side  of  this  winze  to  a  point  immediately 
over  the  heading  of  Ocean  No.  3.  This  drift  was  located  at  this 
height  because  the  first  6  or  7  feet  over  the  Pittsburgh  seam  are 
very  friable  and  liable  to  fall,  and  it  was  desirable  to  have  several 
feet  of  solid  rock  under  the  drift,  through  which  to  bore  into  the 
water. 

Several  pieces  of  cast  iron  pipe,  4  inches  internal  diameter,  with 
flange  on  one  end,  were  sunk  in  the  floor  of  this  drift,  immediately 
over  the  heading  of  Ocean  No.  3,  and  securely  cemented  and  fast- 
ened down  with  straps  and  bolts.  Common  gate-valves  were  then 
bolted  on  the  flange  ends  of  these  pipes  which  were  uppermost.  A 
drill  measuring  scant  4  inches  was  then  inserted  through  the  open 
gate-valves,  and  holes  were  drilled  through  into  the  water.  The 
drill  being  withdrawn  and  the  valve  closed,  the  water  could  then  be 
admitted  to  the  shaft  as  desired.  One  hole  supplied  the  capacity  of 
the  pumps  for  several  days,  and  others  were  opened  as  needed. 

When  the  water  had  run  down  to  the  level  of  the  valves,  the  in- 
tervening rock  and  coal  were  gradually  broken  down. 

An  instructive  incident,  bearing  upon  the  permeability  of  natural 
strata  to  air,  occurred  during  the  unwatering  of  this  mine. 

Previous  to  the  flooding  of  the  mine,  the  slope  had  been  driven 
some  2500  feet  below  the  fourth  lift  above  mentioned,  without  open- 
ing any  workings  on  the  north  side.  At  this  point,  in  the  sixth  lift 
headings  were  dr:ven  north  and  south.  At  a  point,  X,  shown  in 
Fig.  2,  about  200  feet  north  of  the  slope,  a  heading  was  driven  to 
the  rise,  parallel  to  the  slope.  From  this,  other  workings  were  started, 
the  rooms,  A  A,  Fig.  2,  being  those  of  present  interest.  The  face 
of  these  rooms  is  about  40  feet  higher  than  the  point,  X,  at  the  sixth 
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lift.     When  the  water  was  rising  in  the  workings,  a  considerable 
quantity  of  air  was  therefore  entrapped  into  the  rooms,  A  A. 

This  portion  of  the  mine  was  abandoned  to  the  water  about 
eighteen  months,  and  during  probably  half  that  time  the  water  was 
overflowing  at  the  fourth  lift,  giving  a  head  of  40  feet  at  the  face 
of  the  rooms,  A  A.     Subsequent  examination  revealed  the  fact  that 
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the  rooms  had  been  thoroughly  filled  with  water  to  the  roof,  and  the 
air  must  therefore  have  been  forced  out  through  not  less  than  200 
feet  of  solid  coal. 

During  the  time  these  workings  were  abandoned,  the  output  was 
maintained,  as  before  mentioned,  from  the  area,  B.  While  the  water 
was  being  pumped  out,  the  workings  in  B  were  extended  and  holed 
through  into  the  rooms,  A  A.     When  the  first  opening  was  made 
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into  the  latter,  the  surface  of  the  water  on  the  slope  was  about  10 
feet  lower  than  the  face  of  these  rooms.  A  violent  rush  of  air  into 
rooms  A  A  occurred,  and  the  water  rose  suddenly  on  the  slope  about 
7  feet  vertically.  The  air  had  not  been  able  to  follow  in  through 
the  coal  as  fast  as  the  water  was  taken  out,  the  vacuum  representing 
a  water-column  7  feet  high.  The  time  during  which  the  water  was 
lower  on  the  slope  than  the  face  of  rooms  A  A,  and  the  air  was 
therefore  being  drawn  into  these  rooms,  was  about  two  weeks. 

It  is  to  be  regretted  that  more  accurate  data  were  not  obtained  in 
regard  to  this  phenomenon,  but  its  importance  was  not  realized  until 
too  late. 

Some  years  ago,  in  the  same  seam,  the  writer  had  occasion  to 
drive  into  a  heading  which  had  been  driven  over  an  anticlinal  dome, 
that  is,  a  point  from  which  the  seam  dipped  in  every  direction.  The 
heading  was  filled  with  water,  so  as  to  cut  off  the  portion  passing 
over  this  anticlinal  dome  from  the  remainder  of  the  workings;  and 
in  order  to  escape  from  it  the  air  would  have  to  pass  through  the 
roof  at  right  angles  to  the  stratification.  The  head  of  water  sup- 
ported by  the  imprisoned  air  when  reached  was  about  3  feet,  and  the 
marks  on  the  side  of  the  heading  indicated  that  the  water  had  never 
reached  the  roof,  although  at  one  time  the  imprisoned  air  had  sup- 
ported a  head  of  upwards  of  80  feet. 

It  is  therefore  to  be  inferred  that  air  will  pass  slowly  through  the 
soft  semi-bituminous  coal,  but  will  not  pass,  to  a  perceptible  degree, 
through  slate  rock  at  right  angles  to  the  stratification. 


SVBVEY  OF  UNDERGROUND   CONNECTION  AT  LEAVEN- 
WORTH, KANSAS. 

RY  EDWIN  A.    SPERRY,    GOTHIC,   COLO. 

(Virginia  Beach  Meeting,  February,  1894.) 

At  the  request  of  some  of  my  engineering  acquaintances,  to  whom 
the  results  became  known,  I  submit  the  following  description  of  the 
survey  made  by  me  for  the  underground  tunnel-connection  between 
the  Riverside  and  Home  coal-shafts,  at  Leavenworth,  Kansas. 

The  State  law  requires  an  escape-shaft ;  and  as  neither  of  the  shafts 
had  one,  the  two  companies  decided  to  make  this  connection  in  order 
to  comply  with  the  law  and  still  escape  the  great  expense  of  sinking' 
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two  additional  shafts.  Being  the  engineer  of  the  Kansas  and  Texas 
Coal  Company  of  St.  Louis,  Mo.,  owners  of  the  Riverside  mine,  I 
was  detailed  to  make  the  surveys.  The  shafts  were  about  5020  feet 
apart,  and  I  was  instructed  to  start  work  at  both  ends,  that  it  might 
be  driven  more  rapidly.     Fig.  1  is  a  plat  of  the  connection. 

I  started  the  surveys  December  1,  1891,  and  on  December  31, 
1892,  the  headings  were  broken  through,  with  an  error  of  less  than 
three  feet  in  lateral  measurement,  and  about  two  inches  in  length. 
These  results,  I  think,  are  very  good,  when  the  circumstances  are 
taken  into  consideration.  In  the  first  place,  I  was  obliged  to  work 
with  green  men,  such  as  I  could  pick  up  around  a  coal-mine,  who  had 
had  but  a  trifling  experience  in  work  of  this  kind.  Then  I  had  to 
drop  my  base-lines  720  feet  down  each  of  the  two  shafts,  which  were 
but  10  feet  in  width,  giving  me  a  base  of  less  than  10  feet  in  either 
case.  Finally,  the  line  of  the  tunnel  was  so  located  as  to  run  down  the 
middle  of  the  Missouri  river,  which  made  it  impossible  to  check  on 
the  surface  further  than  by  running  down  the  river-bank,  along  the 
bluffs.  These  special  difficulties  required  exceptional  care.  My 
plan  of  operation  was  as  follows: 

1.  To  tie  the  two  shafts  by  carefully  checked  lines,  three  in  num- 
ber, down  the  Missouri  Pacific  railroad  track,  using  only  parts  of  any 
one  line  for  either  of  the  others,  and  thus  checking  the  traverse  on 
the  various  points. 

2.  To  drop  my  bases  down  the  two  shafts. 

3.  To  run  my  underground  lines  to  the  point  of  starting,  in  each 
mine.  I  had  a  fair  opportunity  to  close  in  on  some  parts  of  my 
underground  lines,  and  I  checked  them  as  much  as  possible  in  this 
way. 

In  reading  angles  I  repeated  four  times,  taking  the  mean  as  my 
value.  The  instrument  I  used  on  the  work  was  a  "  light  mountain- 
transit,"  made  by  W.  &  L.  E.  Gurley,  of  Troy,  N.  Y.,  and  I  am 
more  than  pleased  with  its  operation.  It  was  of  the  old  pattern, 
and  I  have  had  it  in  almost  constant  use  since  1884  without  finding 
any  repairs  necessary.  My  measurements  were  made  on  the  surface 
with  a  500-foot  steel  tape,  made  for  me  by  the  same  firm.  The 
underground  measurements  were  made  with  a  100-foot  steel  tape 
(Chesterman). 

The  first  problem,  that  of  tying  the  two  shafts,  was  one  of  com- 
parative simplicity,  and  consisted  of  checking  and  rechecking  until  the 
tie  was  absolute,  or  as  nearly  so  as  possible.  After  this  preliminary 
operation,  what  might  fairly  be  called  the  real  work  was  begun. 
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The  second  problem,  that  of  dropping  the  bases  in  the  shafts,  was 
one  of  great  importance,  and  demanded,  of  course,  the  utmost  care 
and  accuracy  of  instrumental  work.  I  first  tried  plumb-lines,  with 
5-pound  plumb-bobs.  I  used  braided  linen  line  at  first,  thinking 
that  the  lightness  of  the  line  would  be  an  advantage,  but  found  that 
this  would  not  do.  Next  I  tried  fine  piano-wire;  aud  although  it  was 
an  improvement,  it  was  not,  much  better.  I  then  sawed  slits  in  the 
sides  of  the  plumb-bobs,  into  which  I  inserted  square  pieces  of  sheet- 
brass,  in  order  to  offer  more  resistance  to  the  oil  or  water  in  which 
I  hung  them.  I  found  this  a  great  improvement,  but  even  then 
they  were  not  steady.  Water  was  dropping  considerably  in  the 
shafts,  more  especially  in  the  Home  shaft,  and  notwithstanding  the 
fans  were  stopped,  there  was  a  constant  whirl  of  air,  which  threw 
the  drops  of  water  from  side  to  side,  so  that  when  they  struck  the 
line  it  was  with  considerable  force,  enough,  it  seems,  to  prevent  its 
settling  perfectly. 


Fig.  2. 


Winged  Plumb-Bob. 

Fig.  2  represents  my  "winged"  plumb-bob.  I  think  it  would 
be  highly  serviceable  in  shafts  not  more  than  200  or  300  feet  in 
depth.  As  a  final  measure,  I  obtained  from  Messrs.  Gurley  a  side 
telescope,  which  A.  S.  Aloe  &  Co.,  of  St.  Louis,  attached  to  my 
transit.  In  order  to  adjust  the  instrument  thoroughly,  I  suspended 
one  of  my  "  winged  "  plumb-bobs  in  oil,  with  fine  piano-wire,  from 
a  high  trestle,  on  which  I  adjusted  the  axis  on  the  standards  after 
having  adjusted  the  line  of  collimation  in  the  main  telescope.  I 
then  stretched  two  wires  horizontally  from  the  roofs  of  two  build- 
ings, making  them  as  nearly  parallel  as  possible  by  very  careful 
measurement,  and  at  a  distance  from  each  other  equal  to  the  distance 
between  the  centers  of  the  two  telescopes.     I  then  set  up  my  instru- 
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ment  exactly  under  the  two  wires,  and  with  them  checked  the 
adjustments  of  both  the  line  of  collimation  and  the  axes  on  the 
standards.  Having  these  in  perfect  adjustment,  I  then  adjusted  the 
side  telescope  to  travel  on  the  side-wire,  or  in  a  line  parallel  to  it. 
I  also,  with  this  wire,  adjusted  the  hair  as  to  its  being  vertical,  both 
in  the  main  as  well  as  in  the  side-telescope.  In  this  way  I  brought 
both  telescopes  to  work  in  planes  as  nearly  parallel  as  possible. 

There  were  two  landings  at  each  shaft,  one  about  20  feet  above 
the  other.  I  brought  my  tie  line  to  each  shaft  at  the  lower  landing, 
placing  small  tacks  (on  which  I  had  filed  an  "  x  ")  on  each  side  of 
the  shaft,  at  a  short  distance  from  the  edge,  so  that  they  could  be 
easily  seen  from  the  upper  landing. 

I  then  took  a  4  by  4-inch  timber,  long  enough  to  reach  across  the 
shaft  safely,  through  which  I  bored,  at  the  middle,  a  i-inch  hole,  and 
nailed  a  short  board  across  one  end.  To  this  timber,  through  the  hole, 
I  bolted  my  tripod  head,  and  placed  it  across  the  shaft  at  the  upper 
landing,  so  as  to  bring  the  tripod  head  at  the  center  of  the  shaft.  The 
short  cross  board  at  the  end  gave  three  points  of  bearing,  thus  insur- 
ing firmness.  Having  placed  planks  across  the  shaft,  I  screwed  my 
transit  to  the  tripod  head,  which  gave  me  a  command  of  the  entire 
shaft  both  above  and  below.  I  then  carefully  "  whipped  in  "  my 
side  telescope  between  the  two  tacks  on  the  lower  landing,  and  threw 
my  sight  to  the  bottom  of  the  shaft.  In  this  way  I  could  eliminate 
almost  any  error  in  the  adjustment.  If  the  standard-axes  had  been 
out,  the  bearing  of  the  line  at  the  bottom  would  have  been  the  same 
as  above ;  if  the  hair  had  not  been  exactly  vertical,  the  cross-hair 
intersection  would  have  travelled  on  the  same  line;  if  the  projection 
of  the  object-glass  had  not  been  perfectly  true,  it  would  have  made 
the  same  error  on  each  side  of  the  shaft  at  the  bottom.  Of  course, 
it  would  have  been  desirable  to  have  the  line  at  the  bottom  abso- 
lutely coincident  with  the  line  at  the  top,  and  I  endeavored  to  have 
it  so ;  but  if  it  was  not  exactly  under,  but  was  on  the  same  bearing 
as  the  line  above,  the  result  would  have  been  but  slightly  affected. 
I  tried  to  have  my  instrument  in  perfect  adjustment,  and  I  am  sure 
that  it  was  quite  so,  but  I  did  not  want  to  take  any  chances  in  this 
matter.  It  was  rather  too  far  to  call  easily ;  so  I  arranged  a  code  of 
signals  with  the  bell. 

I  found  that  it  was  impossible  to  use  a  direct  light;  so  I  had  two 
straight-edges  cleated  together,  leaving  a  slit  between  them  yg-inch 
wide.     They  are  shown  in  Fig.  3. 

At  first  I  used  the  boards  as  they  were,  but  found  that  the  chang- 
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ing  temperature  and  the  moisture  in  the  shaft  flared  the  light,  even 
with  as  narrow  a  slit  as  this.  I  then  tried  sheet-iron  plates  in  which 
I  had  cross-slits  cut,  placing  the  cross-slits,  at  45°  with  the  main  slit, 
between  the  straight-edges.*  Even  this,  with  the  naked  light,  was 
not  very  satisfactory,  and  I  finally  tried  a  "  bulls-eye  "  lantern,  using 
a  common  reflector  to  deflect  the  light  up  through  the  plates.  I  cut 
away  the  boards  so  as  to  allow  the  light  to  go  up  through  the  full 
length  of  the  slits  in  the  iron  sheets,  and  of  course  placed  the  inter- 
sections of  the  slits  in  line  with  the  slit  in  the  boards.  In  this  way 
I  had  only  to  set  the  cross-slits  on  the  line,  and  the  center  of  the 
slit  between  the  boards  indicated  the  line  at  any  point  in  their  entire 
length. 

I  checked  these  lines  several  times,  and  I  found  almost  no  percep- 
tible variation,  especially  in  the  Riverside  shaft.  In  the  Home  shaft 
the  conditions  were  much  less  favorable,  as  I  have  before  indicated. 

Fig.  3. 

Board  as     ,■ — .. 
cnt  for  plate/ 


Slil  ), 


Arrangement  of  Slits  for  Illumination  of  Line. 

In  fact,  I  found  that  I  had  an  error  of  about  three  minutes  in  this 
shaft,  or  rather  that  the  results  seemed  to  locate  it  at  this  point,  at 
which  I  was  not  at  all  surprised,  as  1  looked  for  it  here  more  than 
at  any  other  point.  In  checking  my  line  as  plumbed,  with  the  line 
as  projected  with  the  instrument,  I  found  in  one  case  a  variation  of 
thirty  minutes  in  bearing,  which  would  have  been  a  very  serious 
matter  in  the  results. 

The  matter  of  levels  did  not  enter  into  the  problem,  as  the  coal- 
seam  governed  that  entirely.  The  tunnel  was  timbered  and  lagged 
throughout.  The  dimensions  of  the  tunnel  were  7  feet  at  the  bottom, 
6  feet  at  the  top,  and  5  feet  5  inches  in  the  clear  after  timbering. 
The  air  was  carried  by  a  brattice  the  entire  distance  with  good  results. 
No  trouble  was  experienced  from  warping  and  leaking  of  the  board 
brattice. 

Both  the  mines  are  worked  on  the  long-wall  system,  and  of  course 
it  was.  necessary  to  remove  the  timbers  as  fast  as  the  face  reached 
them. 

The  connection  is  closed  by  a  system  of  "  traps,"  so  as  to  prevent 


*  In  Fig.  2  the  engraver  has  made  the  opening  at  the  right-hand  end,  as  cut  for 
the  plate,  a  little  too  large. 
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any  interference  with  the  ventilation-system  of  either  mine,  each 
being  carried  on  perfectly  independent  of  the  other. 

I  append  the  plat  and  calculations,  as  probably  interesting  to 
those  members  of  the  Institute  who  have  to  deal  with  work  of  this 
kind. 

Calculated    Traverse, 
From  Station  0.  at  Riverside  Shaft  to  face  of  Riverside  Tunnel,  B.  S.  West. 


No. 

Angle. 
Deg.  Min. 

Bearing, 
Deg.  Min. 

Distance. 
Feet. 

North. 
Feet. 

South. 
Feet. 

East. 
Feet. 

West. 
Feet. 

0 

1 

2 
3 
4 
5 
6 

606.90 
432.10 
169. 15 
235.05 
36.80 
150.00 
1625.43 

606.90 

107.58 

47.66 

62.22 

75   35  L 
1   57  R. 
1   01  L. 

117   26  L. 
117   26  R. 

9°  07' 21"  L. 

N.14  25E. 
N.16  22E. 
N.15  21E. 
S.77  55  W. 
N.15  21 E. 
H.6°13/36"E 

418.48 
162.30 
226.66 

7.70 

35.98 

144.05 
1615.84 

39.70 
176.30 

3255.43 

2567.93 

7.70 

1040.36 

35.98 

7.70 

35.98 

2560.23 

1004.38 

Fr 

om  Station  0.  at  Rive 

rside  Shaft 

to  face  of 

Home  Tin 

inel,  B.  S. 

West. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

30  21  L. 

56  05  L. 

1    17  R. 

3  54  R. 
7  59  R. 

25   35  R. 
24  52  L 
33  33  L. 
48   22  L. 
180  00 R. 
64  04  R. 
13  23 R. 

4  12  R. 
4   14  R. 

55   10  R. 
70°21/24"L. 

N.59  39E. 
N.  3  34E. 
N.  4  51 E. 
N.  8  45E. 
N.16  44E. 
N.42  19E. 
N.17  27  K. 
N.1606W. 
N.64  28  W. 
S.64  28  E. 
S.  0  24  E. 
S.12  59W. 
S.17  11W. 
S.21  25W. 
S.76  35W. 
8.6°13'36"W 

112.53 
879.90 
303.20 
1999.80 
820.50 
788.30 
180.87 
105.70 

22.05 
147.50 
100.00 

84.20 
223.55 
238.93 

35.55 
1625.43 

56.85 
878.20 
302.11 
1976.52 
785.76 
582.89 
172.54 
101.55 
9.50 

97.10 

54.74 

25.63 

304.22 

236.23 

530.71 

54.23 

29.31 

19.89 

63.57 

100.00 

82.04 

213.57 

222.43 

8.24 

1615.84 

133.09 
0.70 

18.91 
66.04 
87.24 
34.58 
176.30 

7668.01 
3255.43 

4865.92 
2305.69 

2305.69 

1436.65 
432.27 

432.27 



10,923.44 

2560.23 

1004.38 

Calculated  connecting  line,  N.  6°  13'  36"  E.— 3250.86  feet. 
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"  Closing-In  "  Line. 


No. 

Angle. 
Deg.  Min. 

Bearing. 
Deg.   Min. 

Distance. 
Feet. 

North. 
Feet. 

South. 
Feet. 

East. 
Feet. 

West. 
Feet. 

N.15  21 E 
N.  6  26E. 
N.  6  18  E. 
N.  6  31E. 
N.  6  56E. 
N.  4  25  E. 
N.  4  38E. 
N.  6  12E. 
N.  6  24E. 
N.  6  27E. 
N.  6  32E. 
N.76  32E. 

(Line  5-6 
400.00 
400.00 
400.00 
330.00 
100.00 
200.00 
400.00 
500.00 
300.00 
221.35 

(Equals  li 

Riverside 

397.48 
397.58 
397.42 
327.59 
99.70 
199.34 
397\66 
IW.ss 
298.10 
219.91 
nel4-15H 

line.) 

44.82 
43.89 
45.39 
39.83 
7.70 
16.15 
43.20 
55.73 
33.70 
25. 18 
76°S5'W.) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

8   55  L. 
0   08  L. 
0   13R. 
0  25R 
2   31 L. 

0  13R. 

1  34R. 
0  12R. 
0  03R. 
0  05  R. 

70  00R 

omelineS. 

3231.66 

355.59 

355.59 

323L66  =  Tang-6°16/45//- 

2.5509495  =  Log.  355.59 
3.5094257  =  "  3231.66 
9.0415238=    "  Tang.  6°  16'  45" 


3231.66 


77=3251.16 


Cos.  6°  16/  45" 

3.5094257  =  Log.  3231.66 
9.9973268  =    "     Cos.  6°  16'  45" 
3.5120385=    "    3251.16 


Actual  "closing  in"  line  =  N.  6°  16'  45"  E.  —  3251.16 

Calculated    "     ■"    ■"     =  N.  6°  13'  36"  E.  —  3250.86 

Error      .        .        .  =  3'  09"  .30 
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Actual   Traverse. 
From  Station  0.  at  Riverside  Shaft  to  face  of  Riverside  Tunnel. — B.  S.  West. 


No. 

Angle. 
Deg.    Min. 

Bearing. 
Deg.    Min. 

Distance. 
Feet. 

North. 
Feet. 

South. 
Feet. 

East. 
Feet. 

West. 
Feet. 

0 
1 
2 
3 
4 
5 
6 

0  00 
75   35L. 

1  57  R. 
1   OIL. 

117   26L. 

117  2GR. 

9°  V  15"L. 

East. 
N.14  25E. 
N.16  22E. 
N.15  21E. 
S.77  55W. 
N.15  21E. 
N.6  16'45"E. 

606.90 
432.10 
169.15 
235.05 
36.80 
150.00 
1625.58 

418.48 
162.30 
226.66 

606.90 

107.58 

47.66 

62.22 



7.70 

35.98 

144.65 
1615.83 

39.70 
177.79 

3255.58 

2567.92 
7.70 

7.70 

1041.85 
35.98 

35.98 

2560.22 

1005.87 

Fro 

m  Station  0.  at  Riverside  Shaft 

o  face  of  I 

lome  Tunr 

iel.— B.  S. 

West. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 

Actu 
Calci 

Exce 

30   21L. 

56   05L. 

1  17R. 

3  54R. 
7  59R. 

25  35R. 
24   52L. 
33   33L. 
48   22L. 
180  OOR. 
64  04R 
13  23R. 

4  12R. 
4  14R. 

55   10R. 
70°18/50//L. 

N.59  39E. 
N.  3  34E. 
N.  4  51E. 
N.  8  45E. 
N.16  44E. 
N.42  19E. 
N.17  27E. 
N.16  06W 
N.64  28W 
S.64  28E. 
S.  0  24  E. 
S.12  59W. 
S.17  11W. 
S.21  25W. 
S.76  35W 

112.53 
879.90 
303.  iO 
1999.80 
820.50 
788.30 
180.87 
105.70 

22.05 
147.50 
100.00 

84.20 
223.55 
238.93 

35.55 
1625.58 

56.85 
878.20 
302.11 
1976.52 
785.76 
582.89 
172.54 
101.55 
9.50 

97.10 

54.74 

25.63 

304.22 

236.23 

530.71 

54.23 

29.31 
19.89 

63.57 

100.00 

82.04 

213.57 

222.43 

8.24 

1615.83 

133.09 
0.70 

18.91 
66.04 
87.24 
34.58 
177.79 

al  line  measured,     . 
ilated  line, 

7668.16 
3255.58 

4865.92 
2305.68 

2305.68 

1436.65 
433.76 

433.76 

10923.74 
10923.44 

2560.24 
2560.22 

1002.89 
1005.87 

ss  of  measi 

ired  line, 

.30 

.02 

2.98 

2.98 


=  2.96  =  lateral  error  between  faces. 


Cos.  6°16'45" 

1.48  =  lateral  error  for  each  face. 
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Resume. 
Errors. 

Excess  of  "closing  angles," 

Actual  line  to  right  of  calculated  line, 

Actual  length  in  excess  of  calculated  line,   . 

Lateral  distance  of  each  face  ofl'true  line  at  meeting-point, 

Lateral  distance  between  face-centers, 

Memoranda. 

Whole  length  of  line  measured,  . 

Whole  length  of  line  calculated,  . 

Number  of  angles  turned  (to  starting  points), 

M  umber  of  angles  turned  (on  closing-in  line) 

Total  number  of  angles  turned,     . 

Total  amount  of  angle  to  the  right, 

Total  amount  of  angle  to  the  left, 

Excess  to  the  right,      ..... 

Connecting  line  calculated  N.6°13'36"E.,   . 

Connecting  line  actual  N.6°16'45"E., . 


0°  03' 

0°  03'  09" 

0.30  feet. 

1.48  feet. 

2.96  feet. 


10,923.74  ft 
10,923.44  ft. 
20 
11 
31 
715°  03' 
355°  00' 
360°  03' 
3250.86  ft. 
3251.16  ft. 


OBE-WASHEB  AT  LONG  DALE,  VIRGINIA. 

BY  GUY  R.    JOHNSON,    LONGDALE,    VA. 

{Virginia  Beach  Meeting,  February,  1894.) 

Like  many  other  similar  plants  the  ore-washer  of  the  Longdale 
Iron  Company  lias  been  a  growth  of  years.  In  its  principal  features 
there  is  probably  nothing  new,  as  the  type  is  that  of  the  well-known 
"  log- washer."  Some  of  its  minor  details  may,  however,  be  of  interest 
to  those  members  who  have  to  deal  with  the  washing  of  large  quan- 
tities of  brown  iron-ores,  the  principal  gangue  of  which  is  clay. 

Until  1883,  the  ore  at  Longdale,  being  of  unusual  purity,  needed 
no  washing,  and  was  charged  to  the  furnaces  as  it  came  from  the 
mines — both  lump  and  fine — the  only  attempt  at  cleaning  being  the 
picking  over  a  screen  of  l|-inch  iron  bars,  Sh  inches  from  center  to 
center,  set  in  the  top  of  the  bins  through  which  the  cars  for  the  fur- 
naces were  loaded.* 

In  1883  it  was  no  longer  possible  to  win  the  ore  by  open  cuts, 
and   regular   underground   work    became  necessary.     It  was   very 


*  See  Trans.,  xx.,  p.  102. 
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soon  found  that  the  ore  was  not  so  clean  as  near  the  surface ;  and  at 
the  same  time  that  careful  sorting  by  the  feeble  light  of  miners' 
lamps  was  impracticable.  It  was  consequently  evident  that  the  ore 
must  be  washed  ;  and  a  small  quantity  thus  treated  in  a  log-washer 
using  horse-power,  made  a  great  improvement  in  the  work  of  the 
furnaces. 

In  1884  a  complete  steam-driven  plant,  consisting  of  two  Carter 


Fig.  I. 

■  Grade  Ascending 


Am.Buk  Koto  Co.N.Y; 


Front  Elevation 

Scale  %'=  1  ft. 

Longdale  Ore-Washer. 

washers,  was  erected  and  put  in  operation.  The  result  from  these 
washers  was  as  disappointing  as  that  from  the  log-washers  had  been 
gratifying;  and  after  a  struggle,  during  which  they  were  thoroughly 
tested,  the  Carter  washers  were  thrown  out  and  a  set  of  four  log- 
washers,  driven  by  the  same  engine  and  gear,  was  put  in.  As  soon 
as  these  began  to  wash,  the  effect  was  visible.  The  ore  was  properly 
cleaned,  and  the  furnaces  worked  correspondingly  well. 

For  several  years  this  plant  washed  the  ore  satisfactorily ;  but 


36  ORE-WASHER   AT   LONGDALE,   VIRGINIA. 

there  were  certain  features  of  the  plant  which  it  was  desired  to  elimi. 
nate.  Chief  among  these  were  the  engine — an  old-fashioned  ma- 
chine, very  wasteful  of  steam — and  the  driving-gear,  which  consisted 
of  a  set  of  belt-driven  friction-wheels,  so  arranged  that  each  pair  of 
logs  could  be  started  or  stopped  at  will. 

Early  in  1891,  as  the  old  plant  showed  unmistakable  signs  of 
giving  out,  the  writer  began  to  prepare  plans  for  a  new  plant,  to  be 
situated  alongside  of  the  old  one. 

Fig.  1  is  a  front-  and  Fig.  2  a  side-elevation  of  the  new  washer. 
The  new  engine  (not  shown)  is  an  automatic  Buckeye,  giving  25 
horse-power  with  60  pounds  pressure,  and  285  revolutions  per 
minute.  From  the  3-foot  belt-pulley  of  the  engine,  the  main  shaft 
is  driven  by  a  12-inch  belt.  On  this  main  shaft  are  the  pulleys 
for  driving  the  washers,  which  is  done  with  6-inch  rubber  belts, 
running  over  the  pulleys,  D  and  E  (Fig.  2).  F  and  G,  in  the  same 
figure,  are  the  loose  pulleys  to  which  the  belts  are  shifted  when  it  is 
desired  to  stop  the  washers  without  stopping  the  engine. 

As  the  four  logs  are  arranged  in  pairs,  the  pairs  being  alike,  a 
description  of  one  pair  only  will  be  given. 

To  the  end  of  the  shaft,  H  (Fig.  2),  to  which  is  fastened  the  pulley, 
D,  is  keyed  the  small  pinion,  I,  which  meshes  into  the  spur-wheel, 
J.  This  drives  another  pinion  at  K,  and  this  in  turn  gears  into  the 
spur-wheels,  L  and  M,  thus  driving  the  logs  in  the  two  washers,  N 
and  O,  at  the  rate  of  12  revolutions  per  minute. 

The  driving-gear  is  connected  to  the  logs,  which  are  on  a  slope  of 
f  inch  per  foot,  by  cast-iron  clutches,  one  of  which  is  shown  at  P 
(Fig.  2). 

The  rear  bearing  is  5J  inches  in  diameter,  and  is  of  cast-iron.  It 
is  cast  solid  with  a  flange, -on  the  face  of  which  is  turned  a  shoulder. 
This  shoulder  fits  into  a  corresponding  recess  turned  in  the  similarly 
flanged  end  of  the  log.  The  .  two  flanges  are  bolted  together,  and 
make  a  very  stiff  joint,  as  the  shoulder  prevents  any  lateral  motion. 

The  logs  are  simply  pieces  of  cast-iron  pipe,  17  feet  5|  inches 
long,  11 J  inches  diameter,  with  metal  §  inch  thick,  and  flanged  at 
each  end.    This  makes  a  splendid  log,  one  that  is  stiff  and  wears  well. 

The  method  of  attaching  the  spoons  is  shown  in  Fig.  3.  They 
are  put  on  in  two  spiral  threads,  180°  apart,  and  with  a  5-foot  pitch. 
They  are  set  45°  apart  on  the  circumference,  thus  making  8  spoons 
to  each  revolution,  as  shown  in  Fig.  3.  By  this  method  of  layfag 
out,  there  are,  at  every  |of  a  revolution,  two  spoons  opposite  each 
other  and  180°  apart.     If  now,  holes  be  bored  through  the  pipe, 
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under  the  two  holes  with  which  the  foot  of  each  spoon  is  provided, 
two  through-bolts  will  fasten  on  two  spoons.  These  bolts  are  f  inch 
in  diameter,  and  are  made  with  nuts  at  each  end  as  shown. 


At  the  upper  end  of  the  log  there  is  a  gudgeon,  similar  to  the  one 
at  the  lower  end,  except  that  the  bearing  is  only  4  J  inches  in  diameter 
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and  extends  2  feet  beyond  the  box.  To  this  end  the  revolving  screen, 
Q  (Fig.  2),  is  attached.  The  screens  are  made  of  ^6-inch  steel- 
plates,  perforated  with  ^-incb  holes,  J  inch  from  center  to  center. 

The  troughs  are  made  in  the  usual  way,  of  a  wooden  frame  in 
which  are  fastened  the  iron  plates  constituting  the  trough  proper. 
The  bottoms  and  sides  of  the  frames  are  of  3-inch  pine,  thoroughly 
braced  by  the  yokes  shown  at  S,  Fig.  1 .     Both  bottom   and  sides 


Angle  of  ;• 

axis  of  Sluif  t  =  iti*" 


CROSS  SECTION 


WASHER    SHAFT 

Showing  arrangement  of 

spoons  and  bolts. 

Sea  W  4  =  1  ft. 


Lonsdale  Ore- Washer. 


are  bolted  to  iron  end-pieces,  in  which  are  cast  seats  for  the  chilled 
iron  gearing-boxes. 

The  iron  plates  constituting  the  trough  proper  rest  upon  the  sides 
of  the  frames,  to  which  they  are  attached  by  |-inch  lag-screws.  As 
indicated  at  R,  Fig.  1,  they  are  of  the  usual  semi-circular  pattern, 
the  only  modification  being  that  they  are  cast  in  sections  only  15 
inches  long.  This  permits  them  to  be  made  as  open-sand  cast- 
ings. 

In  the  operation  of  the  plant,  the  ore  is  brought  from  the   mines 
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iii  side-dump  cars,  holding  about  5  J  tons  each.  The  cars  are  pushed 
out  past  the  washer  on  the  trestle,  T,  Fig.  1,  which  is  built  with 
a  grade  ascending  in  the  direction  of  the  arrow  shown  in  the  draw- 
ing. The  cars  are  then  allowed  to  drop  down,  two  at  a  time,  until 
they  come  over  the  chutes,  U  and  U;,  which  are  lined  with  l-inch 
iron  plates,  as  indicated  in  Fig.  1. 

The  ore,  falling  through  the  chutes  to  the  logs,  is  caught  by  the 
spoons,  which  force  it  up  against  a  descending  current  of  water 
from  the  trough,  V  (Fig.  2),  until  it  reaches  the  revolving  screens, 
Q,  into  which  a  stream  of  water  from  the  same  trough,  V,  is  flow- 
ing. There  the  ore  is  further  washed  and  at  the  same  time  sepa- 
rated. All  over  ^--inch  diameter  passes  along  the  screen  and  falls 
into  the  "  chute  to  cars"  (Fig.  2). 

The  fines,  which  drop  through  the  perforations,  fall  on  the  14- 
mesh  wire-cloth  screen,  W  (Fig.  2),  where  they  are  further  washed 
and  screened,  all  over  14- mesh  going  to  the  cars,  while  the  sludge 
falls  on  the  apron  X,  and  is  thence  carried  away  in  the  trough 
Y,  which  also  conveys  away  the  water  from  the  rear  end  of  the 
washers. 

As  all  who  have  used  log-washers  know,  the  current  of  water  de- 
scending in  the  troughs  is  apt  to  carry  off  more  or  less  ore  through 
the  rear  end.  To  prevent  this  loss,  two  perforated  screen-plates  (not 
shown  in  the  drawings)  are  used.  The  muddy  water  from  the 
trough  passes  through  a  gate  upon  these  screens,  through  which  it 
falls  and  is  carried  away  into  Y,  while  the  ore  remains  upon  the 
screen.  Only  one  screen  is  used  at  a  time,  and  as  soon  as  ore  enough 
has  accumulated  upon  it  to  stop  the  perforations,  the  water  is  shut 
off  and  turned  into  the  other.  The  ore  is  shovelled  back  into  the 
washers.  This  device  saves  a  great  deal  of  ore  at  a  very  low  cost, 
as  it  requires  the  attention  of  one  man  for  only  part  of  his  time, 
thus  leaving  him  free  to  help  at  other  points. 

The  following  table,  taken  over  a  week  in  March,  1893,  gives  a 
good  idea  of  the  capacity  of  the  plant  and  its  performance: 


Average  of  Six  Days'  Work. 

Pounds  of  coal  burned  per  diem, 

Tons  of  ore  washed 

Tons  of  washed  ore, 

Percentage  of  washed  ore  to  ore  washed,     . 
Number  of  hours  run,  .... 

Number  of  men  (including  engineer), 
Cost  per  ton  of  washed  ore  for  labor,  . 
Pounds  of  coal  burned  per  ton  of  ore  washed, 


1479.16 
196.2 
138.9 
70.8 
5.37  $ 
6 
$0,045 
10.6 
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It  may  be  asked :  "  Why  not  use  finer  wire  screens,  and  thus  raise 
the  percentage  of  yield?"  The  reply  is,  that  the  attempt  has  been 
made,  and,  though  temporarily  dropped,  has  not  yet  been  aban- 
doned. 

A  rough  examination  had  induced  us  to  believe  that  the  silica  par- 
ticles of  the  sludge  were  finer  than  those  of  the  ore.  To  test  this, 
screens  of  varying  fineness  of  mesh,  all  finer  than  the  14- mesh,  were 
placed  under  three  of  the  revolving  screens,  the  fourth  being  allowed 
to  remain  as  it  was,  i.e.,  14-mesh.  Samples  were  taken  frequently 
throughout  each  day's  run,  for  a  week,  from  all  four  screens. 

An  analysis  showed  that,  for  all  practical  purposes,  the  iron  and 
silica  contents  were  the  same  in  each  case. 

The  percentage-yield  was  increased  tremendously  by  the  fine 
screens,  but  the  furnaces  did  not  seem  to  work  the  increased  fines 
very  well.  It  was  therefore  decided  to  drop  the  experiment  for  the 
time  being.  It  seems  very  probable,  however,  from  knowledge  since 
acquired,  that  the  trouble  at  the  furnaces  may  have  been  due  to  a 
different  cause,  now  overcome. 

Since  the  foregoing  was  written  (in  1893),  we  have  put  in  20-mesh 
screens,  with  an  additional  saving  of  4  per  cent,  of  ore  as  the  result. 
We  have  also  added  two  Merry  picking-tables  (a  modification  of  the 
German  bumping-table). 


NOTE  ON  CERTAIN  MAGNETIC  PHENOMENA  IN  GOLD- 
BEARING  SLATES. 

BY  C.    A.    MEZGER,    M.E.,    CHARLOTTE,    N.    C. 

(Virginia  Beach  Meeting,  February,  1894.) 

During  my  stay  at  Raposos,  State  of  Minas  Geraes,  Brazil,  I  had 
the  opportunity  of  making  some  observations,  which,  in  the  shape 
in  which  I  am  able  to  lay  them  before  the  Institute,  are  only  to  be 
considered  as  an  experience  which  may  possibly  have  important  con- 
sequences. 

The  ore-bodies  worked  there  for  gold  are  exclusively  chimneys, 
mostly  cylindrical,  following  the  dip  of  the  argillaceous  slates  (about 
45°  E.),  without  any  visible  connection  with  each  other,  without 
veins,  and  only  exceptionally  with  some  smail  stringers  along  the 
stratification,  pinching  out  at  short  distances  from  the  chimneys. 

They  are  composed  of  quartz  with  about  8  to  10  per  cent,  of  pyrite 
and  pyrrhotite,  and  different  iron  oxides. 
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The  slates  contain  everywhere  some  2  per  cent,  of  magnetite,  which 
causes  local  declinations  of  the  compass. 

Slates  with  a  considerably  increased  quantity  of  magnetite  (8  to 
10  per  cent.)  may  be  observed  in  layers  in  the  general  slate,  without 
sharp  divisions  from  it.  These  concentrations  are  poor  in  gold. 
They  act  most  intensely  on  the  needle,  and  cause  on  the  top  of  a  hill 
a  declination  of  10°,  and  in  the  mine  up  to  26°. 

The  declination  of  the  place  was  about  3°  E. 

A  cross-cut  adit  was  driven  against  a  group  of  chimneys  which 
had  been  worked  formerly  from  the  surface. 

It  crossed  a  magnetite  concentration,  on  which  drifts  were  driven. 
Some  experiments  with  a  common  English  theodolite  soon  showed  the 
practical  impossibility  of  surveying  with  a  needle,  which  was  influ- 
enced to  an  intolerable  degree. 

The  regular  survey  was  subsequently  made  with  a  Freiberg  theo- 
dolite (without  needle)  and  based  upon  the  astronomical  meridian, 
from  which  all  declinations  were  obtained. 

The  declination  in  the  cross-cut  was  pretty  uniformly  6°  E. 

In  consequence  of  these  disturbances  we  used  a  hanging-compass 
only  for  small  surveys  without  importance.  For  precaution's  sake, 
the  instrument  was  hung  up  in  each  line  at  different  places.  We 
soon  found  a  place  where  the  declination  was  about  9°,  or  3°  above 
the  average,  for  a  distance  of  only  some  8  to  10  feet  in  length,  where 
some  good  ore  had  been  struck — an  impregnation  of  the  slate,  or 
perhaps  a  rudimentary  chimney. 

This  aroused  my  curiosity,  and  I  called  attention  to  it,  thinking  at 
once  of  a  possible  correlation.  The  following  day  I  was  informed 
that  the  needle  showed  the  same  disturbance  at  another  place  in  the 
cross-cut.  I  ordered  some  of  the  rock  to  be  blasted  away,  and,  sure 
enough,  there  was  some  good  gold-ore  indicated  by  no  other  signs 
but  the  disturbance  of  the  needle.  We  had  no  other  cross-cut  at  our 
disposition,  and  surveys  in  the  drifts  of  the  magnetite-concentration 
were  without  result — some  interesting  experiments  and  sketches,  but 
nothing  new  with  regard  to  the  first  experience. 

I  brought  out  many  samples  of  the  slates  for  examination.  No 
difference  whatever  was  apparent  between  those  which  caused  the 
stronger  declination  and  those  which  came  from  places  with  regular 
declination. 

I  believe  that  the  magnetic  polarization  of  the  small  crystals  of 
magnetite  is  parallel  where  they  occur  with  gold,  and  that  it  is  in  all 
directions  at  other  places,  so  as  to  form  ore-magnets  in  the  first  and 
to  compensate  each  other  in  the  second  case. 
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I  leave  the  question  open  whether  there  is  a  causal  correlation 
between  the  gold  and  the  parallel  polarization. 

I  frankly  confess  that  the  material  of  these  observations  is  scanty 
and  poor.  But  I  think  it  is  worth  while  to  call  attention  to  them, 
so  that  mining  engineers  may  be  on  the  lookout  for  similar  phenom- 
ena, and  the  data  necessary  for  safe  induction  may  be  gathered. 


SOME  EXPERIMENTS  FOB  DETERMINING  THE 
REFRACTORINESS  OF  FIRECLAYS. 

BYH.O.  HOFMAN  AND  C.  D.  DEMOND,  MASS.  INSTITUTE  OF  TECHNOLOGY, 

BOSTON,  MASS. 
(Virginia  Beach  Meeting,  February  1894.) 

There  are  two  methods  of  determining  the  fusibility  or  refracto- 
riness of  fire-clays,  the  theoretical  and  the  experimental.  In  the 
former,  conclusions  are  drawn  from  the  chemical  composition  ;  in 
the  latter,  from  the  changes  which  the  clay  undergoes  when  sub- 
jected to  intense  heat.  It  is  well  to  use  both  methods,  beginning 
with  the  actual  heat-test  and  explaining  the  results  obtained  from 
this  by  the  help  of  the  chemical  analysis.  In  discussing  the  subject, 
however,  it  is  better  to  reverse  this  order. 

I.  The  Theoretical  Method.* 
Leaving  out  the  hygroscopic  and  combined  waters  and  any  or- 
ganic matter,  as  not  directly  affecting  the  fire-resisting  property,  the 
refractory  constituents  of  fire-clay  are  alumina  and  silica,  and  the 
fluxing  constituents  magnesia,  lime,  soda,  potash  and  ferric  oxide. 
According  to  Bischof,f  alumina  is  the  least  fusible  component,  and 
silica  follows  close  upon  it.  If,  however,  a  mixture  of  the  two 
be  heated,  it  will  be  found  that  its  melting-point  is  much  lower  than 
that  of  alumina,  as  a  silicate  will  then  have  been  formed.  The  way 
in  which  silica  affects  the  refractoriness  of  alumina  has  been  strik- 
ingly presented  by  SegerJ  in  a  diagram  reproduced  in  Fig.  1.  The 
abscissa?  represent  the  melting-points  of  Seger  cones  Nos.  26  to  36 
(see  p.  55);  the  ordinates,  the  relative    amounts    of  alumina  and 

*  C.  Biscliof,  Die  feuerfesten  Thone,  Leipsic,  1876,   p.  71. 

R.  Keller  (Revised  by  C.  Biscliof ),  Ueber  die  Fabrication  und  Anwendung  feuerfes- 
ter  Steine,  Aix-Ia-Chapelle,  1890;  a  lecture,  pp.  1-16. 

Bruno  Kerl,  Handbuch  der  gesammten  Thonwaarenindmtrie,  Brunswick,  1879,  pp1 
59  and  71. 

J.  Post,  Ghemuch-Technische  Analyse,  Brunswick,  1890-91,  vol.  ii.,  p.  48. 

f  Dingier  *  Polyt.  Jour.,  vol.  clxix.,  pp.  353,  4">5;  vol.  clxx.,  p.  43. 

X    Thonindustrie-Zeitnng,  1893,  p.  391. 
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silica  in  the  mixture.  The  least  fusible  consists  of  one  molecule  of 
alumina  and  two  molecules  of  silica,  and  melts,  as  shown  by  the 
upper  curve,  at  a  temperature  indicated  by  Seger  cone  No.  36.  The 
fusibility  is  seen  to  increase  with  the  amount  of  silica  up  to  the  pro- 
portion 1A1203:  17Si02,  and  then  to  decrease  (on  account  of  the 
preponderance  of  silica,  which  cannot  combine  to  form  a  silicate), 
until,  finally,  the  eifect  of  the  alumina  has  disappeared  and  the  melt- 
ing-point of  silica,  equal  to  that  of  Seger  cone  No.  35,  has  been 
reached.  The  lower  curve  shows  in  a  similar  way  the  effect  of  silica 
on  the  fusibility  of  the  kaolin  from  Zettlitz,  Bohemia  (see  Table 
I.,  p.  45).  The  practical  deduction  is  that  the  refractoriness  of  a 
fire-clay  increases  with  the  amount  of  alumina  it  contains. 
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The  effects  of  the  fluxing  constituents  have  been  studied  by 
Bischof  *  and  by  Richters.f  The  latter,  in  1868,  propounded  the  law 
that  their  fluxing  property  is  inversely  proportional  to  their  molecu- 
lar weights ;  thus,  40  magnesia  would  have  a  slagging  effect  equiv- 
alent to  that  of  56  lime,  62  soda,  94  potash  or  160  ferric  oxide. 
While  Bischof  |  supports  this  view  to-day,  it  is  attacked  by  Seger, § 

*  Dingler's  Polyt.  Jour.,  vol.  clxv.,  p.  378 ;  vol.  cxcvi.,  pp.  438,  525;  vol.  cxcviii., 
p.  407.     Thonindustrie-Zeitung,  1885,  p.  13. 

f  Dinglei's  Polyt.  Jour.,  vol.  cxci.,  pp.  59,  150,  229;  vol.  cxcvii.,  p.  268. 
%  See  Keller- Bischof,  op.  cit.,  p.  7. 
$   Thonindustrie-Zeitung,  1893,  p.  392. 
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who  maintains  that  ferric  oxide  has  a  stronger  slagging  effect  than 
any  other  of  the  four  bases.  Whatever  may  be  the  precise  order  in 
which  these  bases  are  to  be  placed,  one  thing  is  settled,  namely,  that 
if  their  total  amount  exceeds  6  per  cent,  of  the  ignited  clay,  this 
cannot  be  classed  any  longer  as  refractory. 

To  sum  up,  the  fire-resisting  power  of  a  clay,  considered  from  a 
chemical  point  of  view,  depends  first  upon  the  character  of  the  fluxing- 
constituents  and  their  relation  to  alumina  and  silica,  and,  secondly, 
on  the  relation  of  alumina  and  silica  to  one  another.  Bischof* 
arrives  at  the  refractory  character  of  a  clay  by  what  he  calls  the 
refractory  quotient,  which  he  obtains  by  dividing  the  quotient  of  the 
oxygen  of  the  fluxes  into  that  of  the  alumina  by  the  quotient  of  the 
oxygen  of  the  alumina  into  that  of  the  silica. f 

0  in  Al2Q3        0  in  8i02 
0  in  RO    ~  0  in  Al203 ' 

In  the  seven  standard  fire-clays  which  he  selected  as  types  (see 
Table  I.,  which  has  been  slightly  changed  from  the  original)  this 
refractory  quotient  is  13.95  with  the  most  refractory  clay — No.  1, 
from  Saarau,  Silesia — and  decreases  with  the  fire-resisting  power 
until  it  reaches  in  clay  No.  7,  from  Niederpleis,  Nassau,  the  figure 
1.64,  and  a  clay  the  refractory  quotient  of  which  is  less  than  1  (equal 
to  Seger  cone  No.  26)  is  not  to  be  classed  any  longer  as  refractory. 
Taking  as  an  example  clay  No.  2  of  Table  I. — the  kaolin  from 
Zettlitz,  Bohemia — the  refractory  quotient  would  be 

0  in  Al,Q3        0  in  SiQ2     _  17.960  __  24.363  _ 
•  ^        ~     0  in  RO    ~  O  in  Al2  03  ~     1.401      "  17.960 
12.82 


1.35 


9.49. 


*  Dingier' s  Polyt.  Jour.,  vol.  cxciv.,  p.  420;  vol.  cxcvi.,  pp.438,  447,  525;  vol.  cc, 

pp.  110,  289.     Thonindustrie-Zeitung,  1888,  pp.  38,  50. 

t  When  Bischof  made  his  researches  silica  was  written  Si03.     The  quotient,  ex- 

,         ,  . ,  ,  ,     ,    .      .         O  in  ALOo    .     O  in  SiO«  ,    . 

pressed  as  above,  would  have  had  the  form  -„  .-  ■■"-—  —   ,~. .,    ' ,  and   in  car- 

O  in  RO         0  in  Al203 

rying  out  any  calculations  the  oxygen  of  RO  would  have  to  be  multiplied  by  three. 

For  Seger's  refractory  quotient  (see  later)  the  ratio  r -. — j~    is    required  ;    here 

also  the  oxygen  of  RO  has  to  be  multiplied  by  three.  To-day  the  old  mode  of 
expressing  the  value  is  retained  and  the  new  atomic  weights  are  adopted. 

To  find  the  O  in  the  components  of  clay,  each  is  multiplied  by  its  coefficient,  as 
A1203  X  0.466,  Si02  X  0.533,  MgO  X  0.400,  CaO  X  0.2857,  K26  X  0.1698,  FeO  X 
0  222. 

Iron,  present  in  the  clay  usually  as  ferric  oxide,  is  figured  as  ferrous  oxide,  Fe203 
X  0.9  =  2FeO.     Soda  is  figured  as  potassa,  62Na20  being  equivalent  to  94K20. 
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These  figures  embodied  in  Bischof  's  pyrometric  formula  for  clay 

12.82  {Al203,  1.35  Si0.2)  +  1  RO. 

Bischof 's  method  has  found  pretty  general  acceptance  within  the 
necessary  limitations.  It  is,  however,  questioned  to  some  extent  by 
Seger,*  who  says  that  while  the  refractoriness  of  a  clay  increases 
with  the  alumina  and  decreases  with  the  silica,  the  proof  is  wanting 
that  the  decrease  in  refractoriness  takes  place  in  direct  proportion  to 
the  amount  of  silica  and  the  increase  in  proportion  to  the  square  of 
the  alumina,  and  that,  furthermore,  the  refractoriness  does  not  de- 
pend solely  upon  the  relation  which  silica  and  alumina  bear  to  one 
another.  He  therefore  recommends  adding  the  ratio  of  the  fluxing 
constituent  to  the  alumina  with  that  to  the  silica,  and  multiplying 
this  sum  by  the  quotient  obtained  from  dividing  the  latter  into  the 
former,  thus : 

/  0  in  A1203        0  iu  Si0.2\  w  ,  O  in  AWa       0  in  S102 


\        /  u  in  Jii2uz       v  in  oiu2\ 
)       \  0  in  RO  +  0  in  R  o) 


\  OmRO  T   O'm  RO 

Taking  the  same  Zettlitz  clay  as  example,  Seger's  refractory  quo- 
tient would  be : 

R.  Q.  S.  =  (12.82-fl7.31)  12,82  =  S-°~  =  22.31. 

Bischof  f  does  not  consider  Seger's  refractory  quotient  an  improve- 
ment on  his  own,  and  suggests  that  the  older  quotient  be  maintained 
until  something  better  shall  be  discovered.  Both  quotients  are  used, 
Bischof's,  however,  being  the  more  common  one.  In  comparing 
the  two  by  the  standard  clays  (Table  I.),  it  will  be  seen  that 
while  the  experimental  results  of  both  Bischof  (relative  refracto- 
riness) and  Seger  (number  of  corresponding  cone)  agree  with  Bis- 
chof's refractory  quotient,  there  is  a  discrepancy  with  Clay  VI., 
which  Seger's  refractory  quotient  would  make  more  refractory  than 
Clay  V-  Something  similar  is  to  be  noted  in  Table  III.,  where 
Seger's  refractory  quotient  makes  the  kaolin  from  Blanford,  Mass., 
less  refractory  than  the  clay  from  Mount  Savage,  Md.,  while  the 
experiments  of  Tables  IV.  and  V.  prove  the  contrary  to  be  the 
case.     In  the  single  series  of  experiments  in   Tables  IV.,  V.,  and 

*  Thonindustrie-Zeitung,  1877,  pp.  290,  296;  1889,  p.  332;  1893,  p.  339. 
f  Thonindustrie-Zeitung,  1889,  p.  331. 
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VI.,  both  refractory  quotients  increase  on  the  whole  with  the  refrac- 
tory values  of  the  mixtures,  but  it  has  not  been  possible  to  find  the 
desirable  regularity  which  was  thought  to  exist.  Nevertheless,  the 
quotients  have  been  embodied  in  the  tables  in  order  to  furnish  another 
means  of  judging  of  the  refractory  character  of  the  clays  and  their 
mixtures  made  for  experiment. 

No  deduction,  however,  made  from  the  chemical  analysis  can  have 
the  force  of  a  positive  determination,  because  analysis  necessarily 
ignores  the  physical  constitution,  whereas  a  coarse-grained  clay  is 
less  fusible  than  a  fine-grained,  and  a  compact*  than  a  loose  one. 
Moreover,  a  clay  is  not  one  chemical  compound,  but  an  intimate 
mechanical  mixture  of  several  minerals.  The  more  impurities  a 
clay  contains  (quartz,  feldspar,  mica,  etc.),  the  more  liable  will  these 
be  to  combine  upon  heating  to  a  fusible  compound  and  attack  the 
practically  infusible  clay-substance  (kaolinite).  The  result  of  the 
chemical  analysis  will  therefore  be  the  more  applicable  the  purer  the 
clay,  but  in  any  case  will  only  have  an  approximate  value,  and  must 
be  supplemented  by  actual  experiment. 

II. — The  Experimental  Method.| 

A.  Introductory. 

Experimental  methods  may  be  classified  as  direct  and  indirect. 
Until  lately,  all  the  direct  methods  have  given  only  what  may  be 
called  qualitative  results,  i.e.,  small  samples  of  clay  have  been  ex- 
posed to  an  elevated  temperature  and  the  effect  has  been  noted, 
whether  as  a  complete  fusion  or  only  as  a  fritting  or  whether  the 
clay  remains  unaltered.  Examples  of  this  method  are  the  tests  of 
Knaffl,  Bischof,  and  Otto.  Knaf!l|  exposes  the  end  of  a  small- 
pointed  cone  of  clay  for  a  short  time  to  the  hottest  part  of  the  flame 
of  a  blow-pipe  with  the  result  that  the  point  remains  unaltered  or 
becomes  rounded  off  or  fused.  Bischof  prefers  to  expose  the  clay 
to  the  flame  in  the  loop  of  a  platinum  wire.  He  obtains  it  in  a 
suitable  form  by  coating  a  piece  of  oiled  paper  with  a  thin  paste  of 
the  clay  and  water  and  then  drying,  when  the  clay  peels  off  in  small 
thin  tablets.  Another  of  his  qualitative  tests  §  is  to  place  a  small 
sample  of  dry  pulverulent  clay  in  a  crucible  and  heat  it  in  a  furnace 

*  Bischof,  Thonindustrie-Zeitung,  1886,  p.  430;  Seger,  ibid.,  1890,  p.  201. 

t  Bischof,  op.  tit.,  p.  92 ;  Kerl,  op.  tit.,  p.  « » 12 ;  Post,  op.  tit.,  p.  50. 

X  Dingier  s  Polyt.  Jour.,  vol.  clxxiv.,  p.  292. 

?  Op.  tit.,  p.  93. 
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with  forced  draught  for  two  hours  or  more.  The  clay  will  remain 
unchanged,  or  will  be  fritted  or  fused  according  to  the  degree  of  re- 
fractoriness. His  effective  tests  to  distinguish  fritting  from  fusing 
are  to  draw  a  line  with  pen  and  ink  over  the  fracture  of  the  sample 
or  touch  it  with  the  tongue.  If  it  is  fritted  it  will  adhere,  and  the 
ink  will  spread  as  it  would  on  blotting-paper;  if  it  is  fused  it  will 
not  stick  to  the  tongue,  and  the  pen  and  ink  line  will  be  sharp  and 
clear.  The  transition  from  qualitative  to  quantitative  work  is  made 
by  Otto,*  who  forms  two  small  test-bricks  (4|  by  2f  by  If  inches) 
from  a  uniform  mixture  of  half  raw  and  half  burnt  clay,  places  them 
alternately  with  two  other  bricks  of  the  same  size  and  of  known 
properties  to  form  an  oblong  on  a  refractory  pedestal  in  a  crucible 
furnace,  and  then  heats  them  with  charcoal,  coke,  and  forced  draught 
for  about  two  hours.  A  comparison  of  the  four  samples  shows  if 
the  heat  was  uniform  and  how  the  test-bricks  compare  with  the 
standards.  The  only  quantitative  direct  method  is  that  by  Seger 
and  Oamer,f  who  form  from  the  sample  of  clay  to  be  tested  a  num- 
ber of  cones  of  the  same  size  as  Seger's  small-sized  standard  cones, 
Nos.  26  to  36,  enclose  a  test-cone  with  two  different  numbers  of  the 
standard  cones  in  a  magnesia  crucible,  and  heat  with  gas-carbon  in  a 
Deville  furnace  lined  with  chromite.  This  is  repeated  with  fresh 
cones  and  different  temperatures  until  the  place  of  the  test-cone  in 
the  series  of  standards  has  been  found.  It  is  proposed  to  make  at  an 
early  date  an  extended  series  of  tests  by  this  method,  and  further 
discussion  of  it  will  therefore  be  postponed  for  the  present. 

The  indirect  methods  all  have  the  common  characteristic  of  mix- 
ing the  clay  that  is  to  be  tested  with  fluxing  or  refractory  substances 
until  it  shows  the  same  behavior  in  the  fire  as  a  given  standard  clay. 
The  amount  of  ingredient  required  to  accomplish  this  will  be  the 
measure  of  the  fire-resisting  value.  All  the  tests  so  far  have  been 
made  in  clay  crucibles,  placed  in  a  Sefstrom  or  Deville  furnace,  the 
fuel  used  being  coke  or,  preferably,  gas-carbon,  and  the  temperatures 
aimed  at  varying  from  1500°  to  1775°  C.  Bischof,  who  originated 
these  methods,  first  used  the  one  known  as  the  quartz  method,!  in 
which  he  toned  down  refractory  clays  by  the  use  of  finely  pulver- 
ized quartz  or  chemically  pure  silica.  The  manner  in  which  silica 
acts  on  alumina  and  clay  (kaolin)  has  been  shown  in  Fig.  1.  Bis- 
chof was  followed  by  Richters,  who  devised  the  supplementary  alu- 

*  Dingler's  Polyt.  Jour.,  vol.  clxiii.,  p.  193;  Tkonindustrie-Zeitung,  1888,  p.  163. 
f  Thonindustrie-Zeitung,  1891,  p.  195;  1892,  pp.  675,  747;  1893,  p.  339. 
X  Dingler's  Polyt.  Jour.,  vol.  clix.,  p.  54 ;  vol.  clxi.,  pp.  208,  291. 
YOU   XXIV. — 4 
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raina  method,*  which  tones  up  a  low-grade  clay  with  pure  alumina 
until  it  shows  the  same  behavior  in  the  fire  as  the  standard,  together 
with  which  it  is  heated.  The  disadvantages  of  these  methods, 
namely,  the  excessive  nicety  required  in  regulating  the  high  temper- 
atures with  the  silica  method,  and  the  tendency  of  the  reagent  in  the 
alumina  method  to  act  too  powerfully,  and  also  the  fact  that  the  silica 
method  is  not  always  applicable,  prompted  Bischof  to  combine  the 
two  in  his  silica-alumina  method, f  in  which  he  uses  as  ingredient 
an  intimate  mixture  of  equal  parts  of  chemically  pure  silica  and 
alumina.  This  does  not  soften  at  the  highest  temperatures,  and  as 
it  is  more  refractory  than  the  best  clay  known,  it  will  always  tone 
up  any  clay  to  which  it  is  added.  The  mode  of  procedure  is  to 
weigh  out  ten  samples  of  0.1  gramme  each  of  clay  that  has  been 
ground  and  ignited,  to  mix  them  severally  with  0.1,  0.2,  0.3,  etc., 
grammes  of  the  ingredient,  and  form  prisms  l  inch  high  and  -£.> 
inch  square.  These  are  enclosed  in  crucibles  (If  inches  high,  1^- 
inches  in  diameter  at  the  top  and  f  inch  at  the  base,  with  walls  fy 
inch  in  thickness),  three  or  four  in  each,  with  a  prism  of  the  stand- 
ard consisting  of  equal  parts  of  Saarau  clay  (see  Table  I.)  and  the 
ingredient,  and  the  value  of  which  is  assumed  as  100.  The  cruci- 
bles are  placed  in  a  Deville  furnace  and  heated  to  the  melting-point 
of  wrought-iron  (say  1G00°  C).  The  prism,  which  shows  the  same 
behavior  in  the  fire  as  the  standard,  is  the  critical  mixture.  An 
arithmetical  expression  for  the  refractoriness  is  obtained  by  multi- 
plying the  amount  of  ingredient  it  contains  by  100,  and  deducting 
the  product  from  the  value  of  the  standard.  Thus,  if  0.1  gramme 
test-clay  required  0.5   gramme  of  ingredient,    its   refractory   value 

would  be: 

100  —  (0.5  X  100)  =  50. 

In  this  manner  the  relative  refractoriness  of  the  seven  standard 
clays  in  Table  I.  was  determined  by  Bischof. 

B.  Neio  Experiments. 

1.  Introductory — Hitherto  experiments  with  fire-clays  have 
always  been  carried  on  in  crucibles  and  with  extremely  high  tem- 
peratures. The  sample  has  necessarily  been  excluded  from  view 
during  the  operation,  and  the  changes  could  only  be  observed  after 
the  crucible  had  been  taken  from  the  fire  and  sufficiently  cooled  to 

*  Ibid.,  vol.  exci.,  pp.  59, 150,  229;  vol.  exevii.,  p.  268. 

f  Ltngter's  Polyt.  Jour.,  vol.  exevi.,  pp.  438,  525  ;  vol.  exeviii.,  p.  396. 
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allow  an  examination  of  its  contents.  The  temperature  of  a  small 
crucible-furnace  using  solid  fuel  and  blast  could  not  be  controlled 
with  any  degree  of  nicety,  and  the  measurement  of  changes  of  tem- 
perature in  the  crucible,  if  not  impossible,  was  at  least  not  satisfactory. 
The  writers  have  therefore  attempted  : 

a.  To  construct  a  furnace  in  which  the  temperatures  could  be 
easily  measured  and  controlled,  and  the  samples  watched  while  the 
tests  were  being  made,  aud  taken  out  or  exchanged  with  little  or  no 
delay. 

b.  To  devise  a  method  of  testing  which  did  not  require  tempera- 
tures approximating  to  or  surpassing  the  melting-point  of  platinum, 
or  1775°  C. 

2.  The  Furnace. — Figs.  2  to  7  represent  the  form  of  furnace 
finally  adopted  after  a  series  of  preliminary  experiments.  In  it  all 
the  work  here  to  be  described  was  carried  out.  It  consists  of  two 
parts,  the  furnace  proper,  a,  and  the  heating-stove,  b.     The  furnace 


Cone-tongs. 

is  built  on  the  same  principle  as  the  one  used  by  Dr.  W.  W. 
Jacques,  physicist  of  the  Bell  Telephone  Company  for  high  tempera- 
ture work.  It  consists  of  a  rectangular  combustion-chamber,  c, 
having  a  nozzle,  d,  at  one  end  for  the  supply  of  gas  and  air,  and  a 
well-braced  vertical  chimney,  e}  at  the  other  to  carry  off  the  pro- 
ducts of  combustion.  The  chamber  is  enclosed  with  thin  fire-bricks 
(Figs.  5  and  6)  which  are  surrounded  by  slag-wool  to  reduce  the 
loss  of  heat  by  radiation.  It  rests  on  two  tiles ;  the  side- walls  are 
of  ordinary  fire-brick  laid  in  clay,  and  the  roof  is  of  four  tiles  laid 
dry.  At  the  flue-end  of  the  chamber  there  is  a  curtain-brick,  h, 
which  deflects  the  flame  away  from  the  roof,  and  thus  produces  a 
more  uniform  temperature  than  would  otherwise  be  possible.*  At 
the  foot  of  the  chimney  is  the  working-door,  4}  by  5  inches,  through 
which  the  samples  of  clay  to  be  tested  are  introduced  with  a  long 
pair  of  tongs  (Fig.  8,  one  arm  45   inches,  the  other  34  inches), 

*  This  might  perhaps  be  done  in  a  simpler  way  by  drawing  the  products  of  com- 
bustion downward  instead  of  upward. 
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which  have  proved  very  serviceable.  The  working-door  is  closed 
with  a  fire-brick,  *,  having  a  peep-hole  in  the  center,  through  which 
a  pyrometer  can  be  inserted.  It  is  usually  closed  with  a  clay  plug. 
The  nozzle,  d,  drawn  to  a  larger  scale  in  Fig.  7,  is  so  constructed 
that  gas  and  air,  coming  into  the  chamber,  /,  obliquely  to  one 
another  in  a  number  of  small  streams,  are  intimately  mixed  before 
they  issue  forth  into  the  furnace,  and  this  ensures  a  very  satis- 
factory combustion.  The  chamber  soon  becomes  dazzling  white. 
To  enable  the  nozzle  to  resist  this  intense  heat,  it  is  made  of  suita- 
ble proportions  of  raw  and  burnt  clay,  alumina  and  asbestos;  it  is 
air-dried  for  several  weeks  and  then  placed  in  the  furnace  without 
previous  baking.  The  stove  (b,  Figs.  2,  3,  etc.),  in  which  air  and 
gas  are  heated  before  they  come  together  in  the  nozzle,  was  proposed 
by  Prof.  R.  H.  Richards.  It  consists  of  a  sheet-iron  cylinder  lined 
with  fire-clay  and  closed  at  the  top  with  a  sheet-iron  cover  (^  inch 
thick,  not  shown  in  the  drawing)  having  two  peepholes.  Above 
the  ash-pits  is  a  circular  cast-iron  grate  on  which  rest  the  two 
heating-coils,  k,  made  of  wrought-iron  pipe  wound  together.  The 
hot  gases  from  the  charcoal  fire  maintained  on  the  grate  pass  up 
inside  the  coils,  down  on  the  outside,  and  then  off  through  the 
flue,  which  is  at  the  level  of  the  grate.  Thus  the  coils  are  heated 
outside  as  well  as  inside.  Two  pieces  of  wrought-iron  pipe,  I,  en- 
closed in  slag-wool,  which  is  held  in  place  by  asbestos-paper  and 
wire,  are  screwed  on  to  the  protruding  ends  of  the  heating-coils; 
they  abut  against  the  clay  nozzles,  the  joints  being  made  air-tight 
with  a  luting  of  clay  and  slag-wool.  This  furnace,  like  every 
other,  shows  a  difference  of  temperature  between  the  places  where 
the  flame  enters  and  those  where  it  leaves  the  chamber.  The  first 
step  was  to  settle  the  distances  from  the  nozzle  within  which  the 
temperature  was  uniform.  The  observations  made  with  the  Le 
Chatelier  pyrometer  are  given  in  Table  II.  They  show  a  uniform 
temperature  in  the  space  between  4J  and  10  inches  from  the  nozzle. 
These  measurements  were  made  along  the  bottom  of  the  furnace, 
when  it  was  4  inches  wide  and  6  inches  high,  and  the  layer  of  slag- 
wool  on  the  bottom  and  the  deflecting  curtain  had  not  yet  been 
added.  Hence  the  roof  of  the  furnace  showed  at  that  time  a  higher 
temperature  than  the  floor.  The  highest  temperature  attained  in 
the  furnace  was  1720°  C,  at  about  3  inches  from  the  floor  and  4^ 
inches  from  the  nozzle.  A  still  higher  temperature  was  expected, 
as  in  a  larger  furnace  of  similar  construction,  not  having  any  provi- 
sion for  reducing  the  loss  of  heat  by  radiation,  platinum  had  been 
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Table  II. — Measurements  of  Temperature  in  Furnace. 


Distance 

from  Nozzle. 

Inches. 

Degrees  centigrade. 

li 

1280 

1395 

H 

1420 

5£ 

1360 

1420 

7* 

1280 

1430 

8} 

1370 

1425 

10* 

1335 

1420 



HI 

1355 

1390 

134 

1330 

1345 

14* 

1210 

1230 

melted  in  two  hours  after  starting,  the  gas  entering  the  heater 
through  a  f-inch  pipe  connected  directly  with  a  3-inch  main.  The 
reason  for  the  failure  is  the  lack  of  gas,  for  although  a  f-inch  pipe 
is  used,  it  passes  through  long  and  tortuous  passages  to  reach  the 
main.  The  temperatures  attained,  were,  however,  more  than  suffi- 
cient for  the  tests. 

3.  The  Standard  of  Measurement. — Before  entering  upon  the  ex- 
periments proper,  it  was  necessary  to  settle  upon  the  standard  by 
which  any  results  were  to  be  measured.  Bischof's  standard  clays  could 
not  be  taken,  as  the  character  of  the  deposits  from  which  he  received 
his  material  has  changed,  and  samples  of  the  old  clays  are  not  in  the 
market.  To  overcome  this  difficulty,  Seger  got  up  his  three-sided 
pyramids,  going  by  the  name  of  "  Seger  Cones."  They  are  made 
with  varying  proportions  of  feldspar,  kaolin,  alumina,  marble,  quartz 
and  ferric  oxide.  The  first  set,*  f  inch  at  base  and  2§  inches  in 
height,  contains  twenty  pieces,  the  respective  numbers,  Nos.  1  to  20, 
being  impressed  on  them.  They  are  intended  to  measure  tempera- 
tures varying  from  1150°  C.  to  1700°  C,  the  difference  between 
each  cone  and  its  neighbor  being  calculated  as  28.9°  C.  The  tem- 
perature indicated  by  the  cone  is  supposed  to  be  reached  when  its 
apex  has  bent  down  to  the  base. 

Fig.  9  presents  a  series  of  five  cones,  four  of  which  illustrate  the 
different  stages  of  fusion,  while  the  fifth  (the  largest,  which  has  not 


*  Thmindustrie-Zeitung,  1886,  pp.  135,  145,  168,  229. 
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been  in  the  fire),  shows  how  considerable  is  the  shrinkage  that  takes 
place  upon  heating.  A  second  set  of  cones  of  the  same  size,  Nos. 
21  to  25,  and  a  third  one  of  smaller  proportions,  Nos.  26  to  36,* 
melting  at  a  gradually  increasing  temperature,  No.  36  having  the 
composition  A1203,  2  Si02,  complete  the  row  in  the  ascending  tem- 
perature scale.     Last  year  a  new  set  of  ten  cones  of  the  large  size  was 


Fig.  9. — Experiments  with  Seger  cones. 

Fig.  14. — Experiments  with  brick-elay  from  Cambridge,  Mass. 

brought  out  by  Cramer,  f  They  are  marked  010,  09,  ...  . 
01,  1,  and  are  intended  to  measure  temperatures  ranging  from 
960°  C.  to  1 150°  C,  the  difference  of  temperature  indicated  by  each 
interval  being  19°  C.  All  these  cones  are  to  be  obtained  at  about 
one  cent  apiece  from  the  Royal  Prussian  Porcelain  Manufactory  of 

*  Thoninduslrie-Zeitung,  1886,  pp.  135,  145,  168,  229;  1888,  pp.  152,  162. 
f  Ibid,  1892,  p.  155. 
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Berlin,  so  well  known  to  chemists.  It  was  at  first  our  intention  to 
use  the  high  numbers  of  the  large-sized  Seger  cones  as  standards. 
On  melting  down  several  of  them,  measuring  the  temperatures  at 
the  same  time  with  the  Le  Chatelier  pyrometer,  it  was  found  that 
the  fusions  were  completed  at  temperatures  much  lower  than  called 
for  by  the  numbers  of  the  cones.  It  did  not  lie  within  the  province 
of  the  work  contemplated  to  measure  accurately  the  melting-points* 
of  these  cones ;  so  it  was  decided  to  adopt  the  Le  Chatelier  pyrome- 
ter, against  the  results  of  which  no  objection  has  ever  been  raised. 
This  pyrometer  has  been  repeatedly  described.!  The  small  change 
required  to  adapt  the  instrument  to  the  furnace  consisted  in  fastening 
the  clay  cylinders  (§  inch  in  diameter),  through  which  the  thermal 
wires  pass,  with  platinum  wires  to  an  electric-light  carbon  instead  of 
inserting  them  in  the  iron  pipe  commonly  used,  as  this  could  not  be 
safely  subjected  to  the  temperature  of  the  furnace,  and,  moreover, 
would  have  absorbed  too  much  heat.  The  change  was  not  wholly 
satisfactory,  because  the  carbon  burns  off  and  leaves  the  binding  of 
the  wire  loose.  A  better  arrangement  is  to  choose  small-sized  clay 
cylinders  (^-  inch  in  diameter)  for  the  thermal  wires,  and  enclose 
them  in  a  thin  clay  tube,  which  can  stand  sudden  changes  of  tem- 
perature. 

The  form  adopted  for  the  test-pieces  was  that  of  the  large-sized 
Seger  cone.  As  the  cones  are  not  absolutely  uniform  in  size,  the 
dimensions  f  by  f  by  |  inch  for  base  and  2f  inches  for  the  sides 
were  selected,  after  measuring  a  number  of  the  originals,  as  being  the 
best  average.  It  will  be  noted  that  the  dimensions  differ  somewhat 
from  those  usually  quoted,  and  given  on  a  preceding  page. 

The  clay  and  other  substances  used  in  the  experiments  were  all 
decidedly  finer  than  what  would  pass  through  a  100-mesh  sieve. 
They  were  first  mixed  dry,  either  by  hand  or  mechanically  in  a 
Morrell  agate  mortar,  then  moistened  on  a  glass  plate  with  just 
enough  water  to  render  them  plastic,  and  then  worked  with  the 
spatula.  To  the  water,  5  per  cent,  of  dextrine  was  added,  when  it 
was  found  necessary  to  give  the  cone  additional    firmness.     The 

*  For  the  discussion,  see  pro:  Thonindustrie-Zeitung,  1887,  pp.  43,  84,  125,  197, 
Seger;  p.  2,  Heintz;  pp.  52,  81,  Hulsmann ;  p.  185  Hecbt;  and  con:  Thonindustrie- 
Zeitung,  1887,  pp.  43,  87,  Bischof ;  1888,  p.  61,  Jochum. 

t  Le  Chatelier,  Journal  de  Physique,  2d  series,  vi.,  January,  1887;  Genie  Civil, 
March  5, 1887  ;  Howe,  Eng.  and  Min.  Jour.,  Oct.  11, 1890 ;  Struthers,  School  of  Mines 
Quarterly,  xii.,  143,  and  xiii.,  221 ;  Berg-  unci  Witlenm.-Zeitung,  1892,  277,  301,  310; 
and  Roberts-Austen,  "Recent  Advances  in  Pyrometry,"  Trans.,  xxiii.,  419. 
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mould  used  (Figs.  10  and  11)  consists  of  three  blocks  of  oiled  wood 
held  together  by  two  3-inch  clamps.  In  making  the  cones,  two 
parts,  A  and  B  of  the  mould,  are  clamped  together,  the  clay-mixture 


Fig.  10 


Fig.  II. 


Cone-mould. 


is  pressed  in  with  the  spatula,  the  third  part,  C,  is  clamped  on ;  the 
clay  is  pressed  in  firmly  from  the  open  base  with  a  suitable  piece  of 
wood  to  insure  a  good  edge  and  a  sharp  point,  and  the  mould  is  then 
carefully  taken  apart.     The  samples  were  air-dried  from  fifteen  to 
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twenty  hours,  then  slowly  heated  on  an  iron  plate  over  a  Bunsen 
burner  and  placed  in  the  furnace  near  the  flue,  where  they  remained 
until  red-hot,  when  they  were  transferred  to  their  position  4J  inches 
from  the  nozzle,  where  the  flame  would  play  squarely  upon  them. 
To  prevent  their  sticking  to  the  bottom,  it  was  covered  with  a  thin 
layer  of  Mt.  Savage  clay.  The  criterion  of  fusion  was  the  same  as 
that  of  the  Seger  cone,  but  when  a  sample  bent  over  so  that  it  was 
wholly  below  the  flame,  it  was  considered  to  have  been  fused,  though 
the  apex  might  not  quite  touch  the  base.  After  each  experiment 
and  the  subsequent  measuring  of  the  temperature,  the  furnace  was 
somewhat  cooled  down  by  shutting  off  the  gas.  The  air  was  still 
allowed  to  pass  through  for  a  few  minutes,  and  was  then  shut  off, 
while  the  samples  were  taken  out  and  replaced  by  new  ones,  when 
the  air  was  turned  on  again  and  followed  by  the  gas,  the  amounts  of 
both  being  quickly  increased  to  the  desired  degree.  The  proportions 
were  so  regulated  that  the  flame  should  be  slightly  smoky. 

4.  Tlie  Method. — The  method  followed  is  based  on  the  use  of  cal- 
cium carbonate  as  a  flux.  The  amount  of  lime  it  is  necessary  to  add 
to  a  weighed  quantity  of  clay  to  form  a  fusible  compound  at  a  cer- 
tain elevated  temperature  will  form  the  criterion  of  the  refractory 
value  of  the  clay.  Akerman*  has  shown  how  the  fusibility  of  sili- 
cate of  lime  is  increased  by  successive  additions  of  alumina.  Cra- 
merf  got  up,  in  1887,  a  series  of  cones  composed  of  Zettlitz  kaolin 
and  increasing  proportions  of  marble,  to  take  the  place  of  Bischof's 
standard  clays.  While  SegerJ  highly  approved  of  the  series  as  far 
as  the  different  degrees  of  fusibility  were  concerned,  he  made  the 
objection  that  the  mixtures  melted  down  suddenly  at  the  critical 
temperatures,  while  the  melting  down  of  clay  is  slower  and  more 
gradual.  The  writers'  experiments  show  that  this  sudden  collapse 
of  a  cone  takes  place  only  with  very  fusible  mixtures  (e.  g.,  cone  No. 
5),  and  that  with  refractory  mixtures  the  bending  over  of  a  cone 
takes  place  in  a  way  that  is  very  similar  to  that  of  Seger's  own  cones. 
As  lime  is  a  very  powerful  flux,  and  would,  therefore,  have  a  strong 
effect  if  added,  even  in  small  proportions,  to  a  fire-clay,  it  seemed 
advisable  to  try  and  weaken  this  effect  by  diluting  with  silica  and 
using  the  mixture  instead  of  the  stronger  pure  calcium  carbonate. 

*  Stahl  und  Eisen,  1886,  pp.  281  and  387  ;  abstracted  in  Jour.  /.  andS.  InM.,  1886, 
p.  310. 

t  Thonindustrie-Zeitung,  1SS7,  p.  197;  see  also  Bischof,  Thonind.-Ztg.,  1883,  pp. 
38  and  50. 

+  Ibid.,  1888,  p.  153. 
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Experiments  of  this  character  were  carried  on  with  clay  from  Mount 
Savage,  Md.,  and  with  kaolin  from  Blanford,  Mass.  A  third  set  of 
experiments  was  made  with  a  common  brick-clay  from  Cambridge, 
Mass.  The  method  here  followed  was  that  of  Bischof  (see  page  50) 
of  toning  up  a  clay  with  alumina,  the  strength  of  which  has  been 
weakened  by  silica. 

Table  III.  gives  the  composition  of  the  materials  used  in  the  ex- 
periments. 

5.  Experiments  with  Fire-clay  from  Mount  Savage,  Md. — The  clay 
experimented  upon  belongs  to  the  hard  variety  ;*  it  has  a  conchoidal 
fracture;  its  color  varies  from  light  gray  to  dark  chocolate-brown  ; 
it  disintegrates  very  slowly  when  exposed  to  the  air  and  is  plastic 
only  when  ground  very  fine.     It  is  infusible  before  the  blowpipe. 

The  results  of  the  experiments  with  the  light  variety  are  brought 
together  in  Table  IV.  and  illustrated  by  Fig.  12. 

Experiments  Xos.  1  to  4,  in  which  pure  calcium  carbonate  was 
added  to  the  clay,  form  a  good  series;  for  the  fusibility  increases 
regularly  with  the  additions  of  the  flux.  Cones  Xos.  1  and  2  are 
quite  fused,  No.  3  is  just  fused,  while  Xo.  4  is  only  glazed,  and  not 
bent  over.  The  critical  mixture  contains,  however,  only  between 
5  and  10  per  cent,  of  the  flux,  which  is  a  very  small  quantity  of  re- 
agent to  produce  such  a  decided  result. 

Experiments  Xos.  5  to  8,  where  equal  parts  of  silica  and  calcium 
carbonate  are  used,  show  little  improvement  over  those  with  cal- 
cium carbonate  alone.  That  cone  Xo.  5  should  have  melted  as  soon 
as  full  gas  had  been  turned  on,  was  to  be  expected  from  its  low  re- 
fractory quotient.  It  is  the  only  example  of  the  sudden  fusion  of  the 
clay-lime  mixture,  objected  to  by  Seger,  that  occurred  in  the  experi- 
ments. The  critical  mixture  contains  from  10  to  20  per  cent,  of  the 
flux.  The  temperatures  are  lower  than  might  have  been  expected 
from  the  refractory  quotient. 

Experiments  Xos.  9  to  11,  with  silica  to  calcium  carbonate  as  3 
to  1,  make  a  decidedly  better  showing  than  those  with  silica  and 
calcium  carbonate  in  equal  parts.  The  critical  mixture  contains 
between  20  and  30  per  cent,  flux,  and  while  the  temperatures  are 
higher  than  before,  viz.,  1510°  C.  vs.  1440°  C,  the  difference  is  not 
great  enough  to  invalidate  the  comparison. 

Experiments  Xos.  12  to  15  represent  the  mixtures  of  clay  with 
the  flux,  5  silica  to  1  calcium  carbonate,  which  is  a  further  step  in 

*  See  R.  A.  Cook,  Trans.,  xiv.,  698. 
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advance.  Cone  No.  12  shows  good  fusion  ;  No.  13  is  less  completely 
bent;  No.  14  is  just  a  little  inclined;  and  No.  15  is  only  glazed,  and 
beaded  at  the  apex.  The  critical  mixture  contains  from  30  to  40 
per  cent,  of  flux. 

Table  IV. — Experiments  with  Fire-Cloy  from  Mount  Savage,  Md. 
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29.10 

13.56 

60.19 
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0.18 

10.64 

Added  for  the  sake 
of  comparison. 

20 
15 

23.28 
24.73 

10.85 
11.53 

48.15 
51.16 

25.66 
27.26 

11.94 
9.18 

3.34 
2.55 

Were  together  in  the 
0.45  1.541470     fnrnace,  and  were  1 

1    removed  together. 
0.63  2  141470     No.  1  fused  before 

'     No.  2. 

3 
4 

90 
95 



10 
5 

26.19 
27.65 

12.20 
12.88 

54.17 
57.18 

28.87 
30.47 

6.43 
3.67 

1.76 
0.97 

Were  together  in  the 

0.97  3.2815S0     furnace,  and  were 

removed  together. 

1.876.301580!    No.3fused,  4ouly 

j    superfie'ly  glazed. 

5 

40 

30 

30 

11.64 

5.42 

54.04 

28.80 

17.20 

4.88 

0.07  0.43'       feelt'd  at  oncewhen 
full  gas  was  admit  d. 

6 

7 
8 

9 

10 
11 

12 
13 

14 
15 

60 

80 
90 

60 

70 
80 

40 

50 

60 
70 

20 

10 
5 

20 

10 
5 

17.46 

8.13 

56.09 

29.89 

11.77 

3.31 

0.22 

1.041340 

1 

2.781440 
5.101440 

Melted  quickly. 

23.28 
26.19 

10.85 
12.20 

58.14 
59.16 

30.99 
31. 5£ 

6.35 
3.63 

1.75 
0.96 

0.72 
1.63 

Were  together  in  the 
furnace ;      No.    7 
fused  slowly,  8  but 
slightly  glazed. 

30 

22.5 
15 

50 
41.7 

33.3 
25 

10 

7.5 
5 

10 
8.3 

17.46 

8.13 

66.07 

35.22 

6.19 

1.71 

0.36  1.95:1420 

Fused  slowly. 

20.37 
23.80 

9.49 
10.85 

64.61 
63.13 

34.43 
33.65 

4.87 
2.85 

1.33 
0.81 

Weretogetherin  the 
0.65  3.021510     furnace;    No.    10 

fused  slowly,  11  is 
1.44  5.901510     glazed  and  has  a 

rounded  point. 

11.64 
14.55 

5.42 
6.78 

74.02 
71.74 

39.45 
38.24 

6.03 
4.74 

1.68 
1.34 

0.14 
0.29 

0.50 
0.90 

{Together  in  fur. ;  tem- 
1.221470     peratures  are  av'r'ges 

;     of  2  series  of  exp'ts  ; 
1    f.qirft      boih  fused  slowlv  ;  12 
i.joi-4/u     i8   Been   t0   be  more  1 

fused  than  13. 

6.7 
5 

17.46     8.13 

20.37!     9.49 

1 

69.37 
67.10 

36.97 
35.76 

4.34 
3.47 

1.18 
0.93 

2.801600 
4.301600 

Together  in    furn. ;  j 
No.  14   somewhat  ' 
fused,  15  glazed  & 
beaded  at  apex. 

The  proportion  of  5  silica  to  1  calcium  carbonate  is  the  highest 
that  was  used.  A  mixture  still  richer  in  silica  than  this  might,  pos- 
sibly, be  better  for  fire-clays  less  refractory  than  that  from  Mount 
Savage;  but  5  silica  to  1  calcium  carbonate  is  sufficient,  so  long  as 
the  mixture  fulfils  the  necessary  condition  of  being  weak  enough 
to  be  used  in  considerable  quantities  without  having  too  great  an 
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effect.  This  is  important,  as  there  must  be  difference  enough  in  the 
amounts  added  to  the  various  clays  to  afford  a  satisfactory  scale  for 
measuring  their  fusibility. 


Table  V. — Experiments  with  Kaolin  from  Blanford,  Mass. 
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31.76 

14.80 

52.03 

27.73 

0.54 

0.22 

11.99 

34.45 

2.49 
3.80 

7.18 

1.85 

1490 
1490 

1640 

1370 

Added  for  sake  of 
comparison. 

15 

10 

5 
15 

26.99 
28.58 

12.58 
13.32 

14.06 

44.22 
46.83 

23.57 
24.96 

8.86 
6.09 

2.58 
1.79 

0.86 
1.32 

Were  together  in 
furnace.  No.  16 
well  fused ;  No. 
17  less  so. 

30.17 

49.43 

26.34 
27.39 

3.31 

1.00 

2.50 
0.51 

Only  well  bent. 

22.23 

10.86 

51.40 

8.79 

2.56 

Fused. 
Fused. 

10 
5 

25.41 

11.84 

51.61 

27.51 

6.04 

1.77 

0.96 

3.18 

1490 

28.58 

13.32 
7.40 

51.82 

27.62 

8.29 

1.00 

2.14 

6.58 

1610 
1330 

Only  beaded  at 
the  apex. 

12.5 
10 

7.5 

15.88 

63.47 

33.83 

7.31 

2.12 

0.25 

1.45 

Fused. 

19.06 

8.88 

61.18 

32.61 

5.96 

1.74 

0.46 
0.83 

2.16 

1500 
1560 

Fused. 

22.23 

10.36 

58.89 

31.39 

4.60 

1.36 

3.37 

Fused. 

5 
6.67 

25.41 

11.84 

56.60 
64.51 

30.17 
84.88 

8.25 
4.09 

0.98 

1.58 
0.63 

5.61 

1660 
1340 

Only  well  bent. 

19.06 

8.88 

1.20 

3.10 

Fused. 

5 
3.33 

22.23 

10.36 

11.84 

61.39 
58.53 

32.72 

3.21 

0.96 

1.13 

4.73 

1380 

Fused  half  down. 

25.41 

81.06 

2.32 

0.71 

2.11 

7.67 

1580 

Only  slightly 
beaded  at  apex. 

Unaffected. 

90 

8.33 

1.67 

28.58 

13.82 

55.14 

29.89 

1.43 

0.46 

4.37 

14.02 

1580 

6.  Experiments  with  Kaolin  from  Blanford,  Mass. — The  kaolin  from 
Blanford,  Mass.,*  used  in  these  experiments  is  soft,  pinkish-white, 
and  slightly  plastic.  It  has  a  high  degree  of  purity  as  seen  by  the 
analysis  (Table  III.),  and  is  infusible  before  the  blow-pipe.     The 
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sample  received,  weighing  about  twelve  pounds,  was  a  mixture  of  fria- 
ble kaolin  and  more  or  less  disintegrated  crystals  of  mica  and  quartz. 
As  it  was  desired  to  have  the  purest  kaolin  obtainable,  the  original 
sample  was  dried  and  worked  without  grinding  through  a  series  of 
screens,  to  remove  the  mica  and  quartz ;  that  only  which  had  passed 
through  a  100-mesh  sieve  (25  per  cent,  of  the  original  amount)  being 
reserved  for  the  experiment  after  it  had  received  a  final  grinding  in 
a  Morrell  agate  mortar. 

The  experiments  Nos.  16  to  29  were  carried  on  in  the  same  manner 
as  those  with  the  clay  from  Mount  Savage.  The  results  obtained 
are  brought  together  in  Table  V.,  and  the  cones  are  represented  by 
Fig.  13.  If  they  are  compared  with  those  obtained  with  Mount 
Savage  clay  it  will  be  seen,  first,  that  the  critical  mixtures  in  the 
corresponding  cases  contained  the  same  amount  of  flux,  and  secondly, 
that  those  having  a  higher  refractory  quotient  require  also  a  higher 
temperature.  An  exception  to  this  is  found  with  the  flux  contain- 
ing five  silica  and  one  calcium  carbonate  where  cones  Nos.  26  to  29, 
with  a  large  refractory  quotient,  show  lower  temperatures  than  cones 
Nos.  12  to  15,  with  a  small  one.     The  explanation  is  wanting. 

7.  Experiments  with  Brick- Clay  from  Cambridge,  Mass. — This 
clay  is  largely  used  in  the  brickyards  of  Cambridge.  It  is  soft,  light 
gray  and  plastic,  shows  a  considerable  number  of  impurities  and  is 
readily  fusible.  It  was  chosen  to  test  in  the  new  furnace  Bischof's 
method  of  toning  up  a  low-grade  clay  with  a  mixture  of  equal  parts 
of  silica  and  alumina,  so  it  shall  fuse  only  at  an  elevated  tempera- 
ture. The  experiments  are  recorded  in  Table  VI. ,  and  of  the  cones 
obtained,  Nos.  30  to  36,  only  Nos.  32  to  36  are  shown  in  Fig.  14. 

Experiments  Nos.  30  and  31  show  how  readily  fusible  the  clay 
is;  in  fact,  the  specimens  upon  heating  quickly  swelled  up  into  a 
spongy  mass ;  even  with  20  per  cent,  of  stiffening  ingredient,  fusion 
occurred  at  1300°  C,  and  it  required  from  40  to  50  per  cent,  of  the 
ingredient  to  enable  the  clay  to  resist  a  high  temperature. 

8.  Conclusion. — In  the  foregoing  experiments  a  definite  standard 
temperature  has  not  been  sought.  It  seemed  of  greater  importance 
to  study  first  the  behavior  of  several  series  of  mixtures  of  clay,  silica 
and  lime  at  elevated  temperatures,  and  to  measure  these.  Of  the 
fluxes  tested,  the  mixtures  of  three  silica  to  one  calcium  carbonate 
and  five  silica  to  one  calcium  carbonate  have  proved  valuable;  and 
further  series  of  tests  with  a  number  of  analyzed  refractory  clays 
will  be  needed  to  decide  whether  the  proportion  five  silica  to  one 
calcium  carbonate,  which  has  so  far  proved  the  better  of  the  two, 
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Table  VI. — Experiments  with  Brick-Clay,  from  Cambridge,  Mass. 
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Glazed  on  outside, 
but  not  fused. 
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Fused. 
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Fused. 
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49.20 

26.22 

15.91 

4.47 

Fused. 

31.94 
30.93 

14.88 
14.41 

49.15 
49.09 

26.19 
26.16 

16.88 
17.86 

4.74 
5.02 

Fused  at  once  when 
half  the    gas    was 
turned  on. 

can  maintain  its  position  or  will  have  to  yield  to  a  mixture  that  is 
more  siliceous.  In  these  final  experiments  it  will  be  necessary  to 
maintain  a  definite  temperature  (which  is  easily  done  with  the  fur- 
nace) and  make  it  the  standard.  Experience  so  far  seems  to  show 
that  1500°  C.  is  the  best.  It  is  also  proposed  to  make  a  parallel 
series  of  tests  by  Seger's  direct  method,  and  compare  the  results  with 
those  from  the  indirect  silica-lime  method. 
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In  connection  with  the  manufacture  of  special  Bessemer  pig,  con- 
taining .030  per  cent,  or  less  of  phosphorus,  it  was  found  that  the 
phosphorus  in  anthracite  varied  so  greatly  that  it  was  necessary  to 
sample  and  analyze  each  car-load.  This,  of  course,  in  addition  to 
our  routine  work,  involved  a  considerable  amount  of  extra  trouble, 
and  some  experiments  were  made,  with  the  view  of  cutting  down 
the  time  and  labor  of  the  determination  to  a  minimum. 
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As  there  seemed  to  be  no  question  that  all  the  phosphorus  is  to 
be  found  in  the  ash,  the  old  method  of  fusing  5  grammes  of  coal 
with  40  grammes  of  carbonate  of  soda  and  40  grammes  of  potassium 
nitrate  was  not  tried.  It  involved  too  much  attention  in  prevent- 
ing the  fused  mass  from  overrunning  the  crucible. 

Method  A,  described  by  Blair  in  his  Chemieal  Analysis  of  Iron 
(2d  ed.,  p.  278)  was  taken  as  a  standard,  with  which  the  other 
results  could  be  compared.  It  was  modified  by  precipitating  the 
phosphorus  as  phospho-molybdate  in  the  nitric  acid  solution  of  the 
basic  acetate  obtained  by  evaporating  the  hydrochloric  acid  solution 
to  10  c.c. ;  adding  35  c.c.  of  concentrated  nitric  acid  and  evaporat- 
ing again  to  10  c.c;  diluting  to  about  60  c.c;  washing  into  a 
shaking-flask;  neutralizing,  precipitating,  and  reducing  in  the  well- 
known  way.  To  save  time,  the  fused  residue  was  dissolved  in 
hydrochloric  acid  instead  of  water. 

Method  B,  the  method  described  by  Mr.  Frank  Crobaugh  (Jour- 
nal of  Analytical  and  Applied  Chemistry,  vol.  vii.,  page  223)  was 
first  tried,  as  most  likely  to  give  accurate  results  with  the  minimum 
labor.  The  results  as  shown  by  the  table  given  in  this  paper,  agreed 
fairly  well  when  the  amount  of  phosphorus  was  considerable;  but 
when  the  amount  was  small,  the  results  were  uniformly  too  low. 
The  method  was  used  exactly  as  described.  The  ash  of  5  grammes 
was  fused  with  5  grammes  of  sodium  carbonate  and  \  gramme  of 
potassium  nitrate.  The  fused  mass  was  dissolved  in  150  c.c.  of 
warm  HNOs  (sp.  gr.  1.135)  and  filtered  from  flotant  silica;  40  c.c 
of  molybdate  solution  was  added,  and  the  further  treatment  was  as 
directed  by  Emmerton.  It  was  thought  that  failure  to  precipitate 
all  the  phosphorus  was  due  to  the  large  amount  of  free  nitric  acid 
present  and  the  absence  of  ammonium  nitrate.  Hence,  in  experi- 
ments Nos.  7,  8,  9  and  10,  the  solution  was  neutralized  with 
ammonia  before  precipitation,  and  was  then  rendered  acid,  so  that 
the  solution  contained  about  7  or  8  c.c  of  free  nitric  acid.  In  every 
case  the  results  were  abnormally  high,  a  precipitation  of  either  silico- 
molybdate  or  molybdic  acid  coming  down.  By  method  C  the  same 
curious  results  were  obtained. 

Method  C. — In  this  variation  the  ash  of  5  grammes  was  fused 
with  5  grammes  of  carbonate  of  soda  and  a  pinch  of  potassium  nitrate ; 
the  fused  mass  was  dissolved  in  40  c.c.  of  dilute  hydrochloric  acid 
in  a  No.  4  beaker,  and  diluted  to  about  350  c.c. ;  10  c.c.  of  a  strong 
ferric-chloride  solution  was  added  ;  and  the  phosphorus,  precipitated 
as  ferric  phosphate  by  ammonia,  was  filtered  in  a  15  cm.  rapid  filter. 
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The  precipitate  was  dissolved  on  the  filter  in  35  c.c.  of  nitric  acid 
(sp.  gr.  U  35).  In  all  the  experiments,  except  Nos.  7  and  8,  the 
solution  was  neutralized  as  in  method  B  ;  and  in  every  case  the 
results  were  very  high.  The  yellow  precipitate  had  a  flaky,  non- 
crystalline appearance.  As  this  method  did  not  seem  to  offer  any 
particular  advantage  over  method  D,  which  we  were  using  at  the 
time,  no  further  work  was  done  upon  it. 

Method  D. — This  method  is,  I  believe,  the  one  in  general  use, 
and  I  have  always  found  it  to  give  most  satisfactory  results.  The 
ash  of  5  grammes  is  fused  and  dissolved  as  in  method  C,  and  the 
hydrochloric  acid  solution  is  evaporated  to  moist  dryness,  30  c.c. 
of  strong  nitric  acid  is  added  and  evaporated  until  all  the  brown 
fumes  have  disappeared  (usually  to  about  10  c.c).  The  solution  is 
then  diluted,  filtered  from  the  silica,  neutralized,  and  precipitated 
with  molybdate  solution,  etc. 

The  differences  shown  by  Nos.  1  and  2  under  methods  D  and  E, 
as  compared  with  A,  are  hard  to  explain.  The  insufficiency  of  the 
samples  prevented  a  duplication  of  the  work.  D  and  E,  which  were 
done  at  a  considerably  later  time  than  A,  agreed  quite  closely. 

Method  E. — I  had  been  under  the  impression  that  fusion  of  the 
ash  or  residue  was  necessary  in  all  cases  ;  but  wishing  to  ascertain 
exactly  what  proportion  was  dissolved  out  by  hydrochloric  acid,  and 
what  remained  in  the  residue,  I  tried  the  experiment  of  treating  the 
ash  exactly  like  an  ore,  viz.,  transferring  it  to  a  5-inch  casserole  ; 
adding  40  c.c.  of  strong  HC1 ;  evaporating  to  10  c.c. ;  then  adding 
40  c.c.  of  nitric  acid  (sp.  gr.  1.42)  and  evaporating  until  all  brown 
fumes  had  passed  off  and  the  solution  contained  about  20  or  25  c.c. 
The  nitric  acid  solution  has  a  strong  tendency  to  "bump;"  and 
care  must  be  taken  to  keep  the  contents  of  the  casserole  in  motion. 
The  results  showed  that  the  phosphorus  was  almost  completely  soluble 
in  hydrochloric  acid  and  only  a  trace  remained  in  the  residue. 

This,  then,  was  a  solution  of  the  problem  by  which  results  could 
easily  be  obtained  in  from  an  hour  to  an  hour  and  a  half,  with  little 
labor  and  attention  on  the  part  of  the  operator.  It  is  just  as  satis- 
factory and  gives  just  as  concordant  results  as  the  longer  methods. 

In  all  this  work  we  have  been  using  a  very  simple  arrangement, 
by  which  the  combustion  of  the  carbon  was  considerably  hastened. 
In  fact,  it  was  found  much  more  satisfactory  than  the  large  fusion 
crucibles  we  had  previously  employed.  Its  comparative  cheapness 
enabled  us  to  run  six  analyses  at  a  time,  and  also  did  away  with  the 
expensive  necessity  of  laying  in  a  supply  of  large  crucibles.     It  con- 
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Table  of  Percentages  of  Phosphorus,  as  Determined  by  Different 

Methods. 


Sample 
No. 

Method 
A. 

Method 

Method 
C. 

Method 
D. 

Method 
E. 

1 

-088 

.090 

.162 

.099 

.098 

2 

-078 

.075 

.143 

.091 

.089 

3 

.004 

No  ppt. 

.020 

.006 

.006 

4 

.012 

" 

.020 

.012 

.012 

5 

.018 

.006 

.031 

.017 

.020 

6 

.075 

.076 

.090 

.075 

.081 

7 

.015 

.049 

.015 

-012 

.012 

8 

.062 

.160 

.084 

.064 

.064 

9 

.02© 

.057 

.034 

.017 

.019 

10    | 

.013 

.036 

.012 

.015 

sists  of  a  boat  two  inches  square  and  \  inch  deep  made  from  .002 
platinum  foil.  Care  should  be  taken  in  making  the  boats  that  the 
corner  flaps  fit  tightly,  so  that  none  of  the  ash  will  be  lost  by  getting 
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into  the  interstices.  A  tripod,  Erdman  chimney, and  two  pieces  of 
thin  platinum  wire  complete  the  arrangement,  which  is  shown  in 
the  accompanying  figure.  The  wires  should  be  so  bent  as  to  be 
about  |  inch  below  the  top  of  the  chimney. 

The  heat  applied  for  the  first  five  minutes  should  be  a  low  red,  in 
order  that  none  of  the  coal  shall  be  lost  in  the  escape  of  the  volatile 
matter.  After  that  the  gas  should  be  turned  on  full,  and  a  bright 
red  heat  maintained.  It  is  not  necessary  that  the  sample  should  be 
ground  very  finely.  By  constant  stirring  we  have  effected  the  com- 
bustion of  the  carbon  in  half  an  hour,  and  with  an  occasional  stirring 
it  should  never  take  more  than  an  honr. 

My  thanks  are  due  to  Mr.  Arthur  Sharp  for  aid  in  the  analytical 
work. 


COAL-SECTIONS   DEVELOPED  BY  RECENT    OPERATIONS 
IN  WISE  COUNTY,   VIRGINIA. 

BY  FRANKLIN  BACHE,  ABINGDON,  VA. 

(Virginia  Beach  Meeting,  February,  189-1.) 

It  is  appropriate  to  the  place  of  meeting,  and  of  interest  to  those 
members  of  the  Institute  whose  attention  has  been  more  or  less  di- 
rected to  Virginia  during  the  past  eleven  years,  to  know  the  result 
of  recent  developments  of  the  Virginia  coal-field. 

While,  during  the  late  "  boom/'  the  attention  of  the  industrial 
pioneers  of  Virginia  was  mainly  directed  to  iron-ore  deposits  aud 
manufacture,  it  is  safe  to  say  that  the  coal  to  which,  at  that  time, 
comparatively  little  attention  was  turned,  and  which  did  not  directly 
foster  a  growth  of  "  boom  "  towns,  will  prove  the  most  reliable  source 
of  mineral  wealth  in  the  State. 

At  the  time  of  the  last  Virginia  meeting  of  the  Institute,  held  at 
Roanoke,  in  1883,  the  Wise  county  coal-field  was  untouched  by  a 
railroad,  aud  its  economic  existence  was  scarcely  considered. 

Although,  in  the  meantime,  a  number  of  reconnoissances  had  been 
made,  and  a  fair  estimate  of  the  value  of  the  field  formed,  it  was  not 
until  1891,  when  the  Norfolk  and  Western  and  the  Louisville  and 
Nashville  railroads,  respectively,  completed  their  Clinch  Valley  and 
Norton  extensions  to  a  junction  at  Norton,  Wise  county,  that  any 
development  took  place,  and  not  until  1892  were  shipments  of  any 
importance  made. 

The  coal-measures  of  Virginia  are  confined  to  the  seven  counties 
of  Buchanan,  Tazewell,  Dickenson,  Russell,  Scott,  Wise,  and  Lee, 
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and  are  separated  from  the  eastern  Kentucky  field  by  the  Pine 
Mountain  fault-ridge,  as  far  east  as  the  Breaks  of  Sandy,  east  of 
which  point  the  measures  in  the  two  States  are  connected  by  an 
anticlinal  ridge,  which  brings  up  the  conglomerate  at  the  top  of 
No.  XII. 

The  approximate  area  of  these  measures,  as  comprised  in  all  or 
part  of  the  above  counties,  is  2200  square  miles.  Of  this  area,  it  is 
estimated  that  two-fifths  is  of  no  economic  importance,  the  coal  being 
disturbed  by  its  proximity  to  the  fault-lines,  or  by  the  lower  and 
comparatively  barren  measures  being  brought  to  the  surface. 

In  Wise  county,  the  area  of  economic  importance  is  bounded  on 
the  south  by  the  Norfolk  and  Western  and  Louisville  and  Nashville 
railroads.  The  total  area  of  carboniferous  measures  in  the  county 
is  about  540  square  miles.  Of  this,  about  400  square  miles  is  of 
practical  importance;  the  remainder  being  in  disturbed  areas. 

The  development  has  all  been  made  along  the  railroad  lines  that 
skirt  the  lower  side  of  the  field  for  about  36  miles,  and  on  about  12 
miles  of  laterals  that  have  been  constructed  north  from  the  main 
lines  at  various  points.  In  1893,  149,600  tons  of  coal  were  shipped 
from  fourteen  operations.  Of  this,  approximately  129,000  tons 
were  mined  on  the  Norfolk  and  Western  railroad,  600  tons  on  the 
Louisville  and  Nashville  railroad,  and  20,000  tons  on  the  South 
Atlantic  and  Ohio  railroad  (running  south  from  Big  Stone  Gap). 

The  seams  of  importance  in  the  field  are,  in  descending  order: 
The  Upper  Banner,  Lower  Banner,  Kennedy,  Imboden,  and  Jaw- 
bone.    They  are  separated  by  the  following  intervals : 

Upper  Banner. 

Interval,  75  to  125  feet. 

Lower  Banner. 

Interval,  75  to  200  feet. 

Kennedy. 

Interval,  150  to  200  feet. 

Imboden. 

Interval,  75  to  125  feet. 

Jawbone. 

In  the  eastern  and  central  portions  of  the  field,  the  Upper  and 
Lower  Banner,  Kennedy  and  Jawbone  seams  have  attracted  the 
greatest  attention.  In  the  western  portion,  the  Imboden  is  the  only 
seam  mined.  In  the  center  of  the  field,  the  seam  mined  is  proba- 
bly the  Upper  Banner,  although  its  identity  with  the  Upper  Banner 
in  the  eastern  part  of  the  field  has  not  been  definitely  determined. 

The  developments  made  in  the  course  of  mining  operations  have 
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shown  the  coal-measures  to  be  undisturbed,  except  when  close  to 
the  Clinch  Valley  fault-line,  and  the  seams  to  have  maintained  prac- 
tically the  same  bed-section,  when  driven  well  under  cover,  as  was 
indicated  by  the  preliminary  outcrop-openings. 

The  railroads  skirting"  the  southern  edge  of  the  field  are,  conse- 
quently, near  the  fault-line  and  its  attendant  anticlinal.  Hence,  the 
dips  of  the  coal  have  been  steeper  in  the  mines  first  opened  near  the 
main  railroad-lines  than  in  the  mines  on  the  laterals  built  to  the 
north.  The  regularity  of  the  bed-section  has  also  been  affected  by 
the  same  cause. 

Of  the  five  seams  mentioned,  the  Upper  and  Lower  Banner,  Im- 
boden,  and  Jawbone  have  shown  the  greatest  reliability.  The  Ken- 
nedy, while  in  places  showing  large,  clean  bed-sections,  has  at  other 
places  entirely  pinched  out  over  considerable  areas.  Various  pub- 
lished analyses  show  the  coals  to  be  of  unusual  purity  as  to  ash 
and  above  the  average  of*  purity  as  to  sulphur  contents.  A  few  of 
these  analyses  are  appended,  the  authority  for  each  being  quoted. 

The  shipments  have  been  too  limited  to  determine  definitely  the 
uses  for  which  each  seam  is  best  adapted.  So  far  as  the  market  has 
been  tested,  it  seems  that  the  Upper  and  Lower  Banner  and  Ken- 
nedy seams  will  sell  as  gas  and  domestic  coals,  and  as  steam  coal, 
when  not  in  competition  with  the  Pocahontas  coal ;  the  Imboden  as 
a  steam  and  domestic  coal ;  and  the  Jawbone  as  a  domestic  coal,  for 
which  purpose  it  is  eminently  fitted. 

One  hundred  and  fifty  bee-hive  coke-ovens  are  in  course  of  erec- 
tion, intended  to  coke  the  slack  made  in  mining  the  Upper  Banner 
seam  for  gas  and  domestic  purposes.  This  seam  has  been  coked  in 
quantity  at  other  ovens,  and  has  had  a  satisfactory  furnace-test  at 
Pulaski;  and  it  will,  no  doubt,  take  its  place  among  good  furnace- 
cokes.  The  coal  of  the  Imboden  seam  has  also  been  coked  in  bee- 
hive ovens,  and  the  result,  both  in  appearance  and  analysis,  is  most 
satisfactory. 

The  accompanying  bed-sections  display  a  fair  average  of  the  de- 
veloped seams.  They  have  been  taken  at  the  heads  of  the  longest 
entries,  unless  the  coal  at  the  heading  showed  a  marked  departure 
from  the  average  of  the  mine.  A  few  outcrop-sections  are  appended 
to  indicate  the  condition  of  a  seam  at  some  point  not  developed  by 
actual  operations.  The  sections  have  all  been  taken  from  points  on 
the  southern  edge  of  the  field,  that  being  the  only  portion  developed 
in  the  absence  of  railroads  in  the  remainder  and  larger  portion  of 
the  county. 

In  different  portions  of  the  field,  as  one  seam  or  another  appears 
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to  be  the  most  available  as  to  thickness  and  position,  that  seam  will 
be  mined  to  the  temporary  exclusion  of  the  others.  In  some  parts 
the  most  available  seam  has  been  determined.  In  other  parts  it  is 
likely  that  the  seam  now  worked  will  be  abandoned  for  a  more  avail- 
able one. 

Referring  the  sections  given  to  the  nearest  railroad  station  from 
which  a  branch  is  or  could  be  built  to  tap  the  coal,  and  commencing 
on  the  east  at  St.  Paul  station,  on  the  Norfolk  and  Western  railroad, 
the  following  table  indicates  the  extent  and  continuity  of  the  coals : 

Table  I. —  Geographical  Distribution  of  Coal- Exposures. 

At  St.  Paul  Station,  Norfolk  and  Western    Section  ]. — On  Lick  Creek,  6  miles  north- 
Railroad,  west  of  station. 

Sec.  2. — On  Open  Fork  of  McClure's  Creek, 

6  miles  northwest  of  station. 
Sec.  3. — On  Big  Laurel  Branch   of  Lick 
Creek,  4  miles  north  of  station. 
At  Virginia    City  Station,   Norfolk   and    Sees.  24  and  25. — On  Russell  Creek  Branch 
Western  Railroad,  5  miles  west  of  St.  of  Norfolk   and  Western  Railroad,  h 

Paul.  mile  north  of  station. 

Sec.  28.— On  Middle  Fork  of  Rnssell  Creek 
Branch  of  Norfolk  and  Western  Rail- 
road, 2  miles  north  of  station. 
Sec.  26.— On  Left  Fork  of  Russell  Creek,  3 
miles  northwest  of  station. 
At    Banner  Vein    Station,   Norfolk    and    Sec.  30. — On  Little  Tom's  Creek,  J  mile 
Western   Railroad,  11   miles  west  of  east  of  station,  on  main  line  of  Nor- 

St.  Paul.  folk  and  Western  Railroad. 

Sec.  31.— On  Branch  of  Norfolk  and  West- 
ern Railroad,  \  mile  nortli  of  station. 
Sec.  27. — Half  mile  nortli  of  station. 
At  Coeburn  Station,  Norfolk  and  Western    Sees.  4,  5,  6,  7,  8,  9, 10, 11,  12, 13, 14,  and  15. 
Railroad,  13  miles  west  of  St.  Paul.  — On  Big  Tom's  Creek  Branch  of  Nor- 

folk  and   Western   Railroad,   from  1 
•  to  4  miles  north  and  east  of  station. 

At  Tacoma  Station,  Norfolk  and  Western    Sees.  16  and  29.— On   Guest  River,  main 
Railroad,  17  miles  west  of  St.  Paul.  line  of  Norfolk  and  Western  Railroad, 

I  mile  east  of  station. 
At  Norton  Station,  Norfolk  and  Western    Sec.  17.— On  Guest  River,  i  mile  northeast 
Railroad  and  Louisville  and  Nashville  of  station. 

Railroad,  23  miles  west  of  St.  Paul. 
At  West  Norton,  Louisville  and  Nashville    Sees.  18  and  19.— On  Powell's  River,  Big 
Railroad,  24  miles  west  of  St.  Paul.  Stone  Gap  Colliery    Co.,   Branch    of 

Louisville  and  Nashville  Railroad,  2 
miles  north  of  railroad. 
At  Kelly  View  Station,   Louisville  and    Sees.  23  and  32.— On  Right  Fork  of  Mill 
Nashville  Railroad,  31  miles  west  of  Creek,  £  mile  north  of  station. 

St.  Paul. 
At  Double  Tunnel  StatioD,  Louisville  and    Sec.  22.— On  Callahan  Creek,  5  miles  north 
Nashville  Railroad  and  South  Atlantic  of  station. 

and  Ohio  Railroad,  34  miles  west  of   Sees.  20  and  21.— On  Looney  Creek,  South 
St.  Paul.  Atlantic  and  Ohio  Railroad,  11  miles 

northwest  of  station. 
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Table  III. — Analyses. 


Name  of  Seam. 

Fix.  Carb. 

Vol.  Mat. 

Water. 

Ash. 

Sulph. 

Authority. 

Upper  Banner, 

59.394 
60.081 
59.S88 
94.040 
51.488 

34.028 
34.195 
31.331 
.564 
33.239 

.625 
.883 
.909 
.068 
1.072 

5.353 
3.975 
4.075 
4.740 
13.487 

.600 
.866 
.797 

.588 
.714 

McCreath 

Lower  Banner, 

Kennedy, 

Imboden  (Coke), 

Jawbone, 

SOLIDS  FALLING  IN  A  MEDIUM.— I. 

Their  Incipient  and  Maximal  Velocities — A  Study 
for  Ore-Concentrators. 

by  f.  m.  f.  cazin,  hoboken,  n.  j. 

(Virginia  Beach  Meeting,  February,  1891.) 

Some  twenty  years  ago  the  author  of  a  book,*  by  which,  for  the 
first  time,  molecular  action  was  made  to  account  for  nearly  all  phe- 
nomena in  hydrodynamics,  began  his  preface  as  follows: 

"It  is  contrary  to  all  experience,  that  any  branch  of  science  should  suddenly  cut 
short  its  own  line  of  reasoning,  and  drop  all  connection  with  its  past,  and  yet  as 
quickly  re-establish  itself  on  an  entirely  new  basis.  It  is,  therefore,  not  without 
justification  that  this  book  should  be  met  with  caution  and  even  distrust." 

When  the  newly-discovered  natural  facts  and  laws  presented  in 
this  paper  were,  in  1891,  first  laid  before  the  officers  of  the  American 
Institute  of  Mining  Engineers,  they  might  have  been  preceded  by  a 
preface  to  the  same  effect;  and  the  expression  would  have  found  its  jus- 
tification by  the  actual  experience  these  facts  and  laws  met  with.  Since 
then,  as  the  result  of  their  publication  in  one  of  the  most  prominent 

*  Hugo  Heinemann,  Koenigl.  Bail-Inspector  in  Hagen,  Die  Rjtional-Thearie  der 
Bewegung  des  Wasscrs,  ah  Lehrbuch  der  Hydrodynamik  rind  fi'tr  den  praktischen  Ge- 
brauch  des  Hydrolekten  auf  vollstaendig  neuen  Grundlagen  beurbeiUt. 
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scientific  and  technical  journals  of  North  America,*  they  have  found 
general  concurrence  on  the  part  of  scientists,  and  the  time  has  come 
when  mine-engineers  should  take  cognizance  of  a  progressive  step 
in  general  science,  which  has  an  important  bearing  on  one  of  the 
specific  technical  branches  entrusted  to  their  professional  care. 

These  facts  and  laws,  as  first  expressed!  and  discussed  by  the  author 
of  this  paper,  are  as  follows  : 

(1)  A  solid  moving  in  submersion  a  distance  (d)  equal  to  its  own  length,  when 
measured  in  the  direction  of  motion,  displaces  of  the  medium  in  inverse  direction 
and  for  the  distance  of  its  own  length  (of  travel)  a  volume  (=-B)  equal  to  its  own 
immersed  or  submerged  volume,  and  when  so  moving  any  other  distance  (of  travel), 
the  solid  moves  the  volume  B  of  the  medium  in  inverse  direction  of  its  own  motion 
for  the  total  distance  of  such  travel. 

(2)  A  ship  progressing  at  any  stated  velocity  per  second  causes  the  movement  in 
inverse  direction  within  every  such  second  of  a  quantity  of  water  being  equal  to 

T> 

D  =  —  v  metric  tons ; 
d 

B  signifying  the  ship's  immersed  volume  or  buoyancy  in  cubic  meters  ; 
d  signifying  the  ship's  length  measured  in  the  direction  of  motion  on  her  water 
line  in  meters; 

v  signifying  the  distance  of  her  travel  per  second  in  meters. 

(3)  A  solid  in  moving  in  a  medium  displaces  permanently  for  a  distance  (=  d), 
in  inverse  direction  to  its  own  motion,  a  volume  of  the  medium  equal  to  the  pro- 
duct of  its  transverse  average  section  (=  B  -4-  d)  and  the  distance  of  its  travel,  the 
transverse  average  section  being  as  the  solid's  immersed  or  submerged  volume,  B, 
divided  by  its  length,  d,  measured  in  the  direction  of  its  motion. 

(4)  A  solid  of  non-uniform  section  transverse  to  the  direction  of  its  motion,  when 
moving  in  a  medium,  displaces  of  the  medium  in  inverse  direction  to  its  own  mo- 
tion permanently  a  quantity  measured  by  its  own  transverse  average  section 
(=  B  -r-d)  multiplied  by  the  distance  of  its  travel,  and  it  also  dislocates  passingly 
and  in  a  lateral  direction  another  quantity  of  the  medium,  that  is  measured  by  the 
difference  between  the  transverse  major  and  average  sections  of  the  solid  as  one 
factor  and  the  distance  of  its  travel  as  the  other  factor,  this  additional  quantity  of 
the  medium  being  caused  to  passingly  move  or  dislocate,  but  occupying  the  same 
position  after  the  solid  has  passed,  as  it  did  previously  thereto,  and  the  quantity  of 
the  medium  =  distance  of  travel  x  Bid  is  inversely  moved  permanently  for  the 
distance  =  d  (from  fore  to  aft). 

(5)  The  resistance  to  the  movement  of  all  solids  in  a  medium  is  measured  by  the 
permanent  displacement  in  inverse  direction  to  their  own  movement  of  a  quantif 
of  the  medium,  which  is  the  product  of  the  solid's  own  transverse  average 
tion  (=  Bid)  in  the  length  of  the  solid's  travel. 

,n  time, 
D=  — .  v  per  second.  .  mg  t,  re- 

*  Compare  "Resistance  to  Ship's  Motion,"  by  F.  M.  F.  Cazin,  ir. 
of  the  Franklin  Institute,  March,  April,  and  May,  1S93. 
f  Journal  of  the  Franklin  Institute,  March,  1893. 
VOL.  XXIV.— 6 
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And  the  conclusions  for  the  measurement  of  power  required   to  overcome  the 
resistance  thus  defined,  as  drawn  from  these  five  theoretical  assertions,  are  as  fol- 
lows: # 
It  is  the  quantity, 

t         B 
a 

of  the  water  for  every  second,  which  must  receive  an  impulse  to  flow  in  a  direction 
inverse  to  the  ship's  motion,  and  the  impulse  given  to  the  water  must  be  sufficient 
to  cause  its  flow  with  the  stated  velocity.  And  this  impulse  is  equivalent  with  the 
raising  of  the  stated  quantity, 

/..=  (|x.). 

of  water  per  second  to  an  elevation 

S  ~=  K —  (  or  &  2  =  Voj  W     n  2   *s  t',e  an*'  ^or  measur'ng  distance  J. 

It  is,  therefore,  also  true,  that 

(6)  The  power  required  for  propelling  a  ship  at  a  stated  velocity  per  second 
(=  v)  is  as 

P  =fv  S  =       .  v  .  — -  =  kilogramme  meters  ;* 

a  2  g       d2g 

B 

/signifying  transverse  average  section  =  j~  ; 

S  signifying  total  distance  of  fall  by  acceleration  of  gravity; 

B  signifying  the  ship's  immersed  volume  or  buoyancy.  When  the  total  value  is 
expressed  in  ton-meters,  then  B  is  expressed  in  cubic  meters,  but  when  the  total 
value  is  expressed  as  kilogramme-meters,  then  B  is  expressed  in  the  corresponding 
value  of  (0.1  meters)3  =  litres  =  kilogrammes  ; 

d  signifying  the  ship's  length  measured  in  the  direction  of  her  motion  and  on  her 
water  line  ; 

v  signifying  the  ship's  velocity  in  meters  per  second; 

g  signifying  twice  the  distance,  which  matter,  when  free  to  fall  will  pass  in  the 
direction  towards  the  earth's  center  within  the  first  second  of  such  free  fall.  This 
distance,  g,  being  asp  =  9.7S009  -j-  0.05080  sin2  *p  meters  (^  =  geographical  latitude), 
travel  of  ships  for  equal  speed  and  distance  requires  less  power  on  northern  than  on 
southern  geographical  lateral  travel,  north  of  the  equator. 

When  movement  in  another  medium  than  water  is  under  consideration,  the  factor 
for  density  of  medium  must  become  part  of  the  equation,  which  then  will  read 


A  railroad  train,  say  of  sixty  cars  of  equal  weight,  each  twenty  feet  long,  moves 

M>  ;n  one  second  a  distance  of  400  feet.     When  stopping  again  forty  cars  will  be 

1  re  '  forty  cars  were  before,  virtually  not  moved  at  all,  and  twenty  cars,  that  were 

i  ie  reliar  en(]^  are  tnere  no  ioriorer)  but  appear  at  the  front  end,  though  thev  be 

notthesalt;iiecars> 

it  l  ±>  a^s  tj]e  tQtaj  wejght  (;n   vacuo)  of  the  train  in  metric  tons,  with  d  as 
ie    engtn  oi;  tne  tra;n  in  meters,  and  with  v  as  the  distance  of  travel  per  second 

B  ■  v  .  \  B    t? 

—£-~  lepresem  ts  themass  moved  per  second,  and  —1       represents  the  power  required 

o  move  the  tra    jn  horizontally,  when  running  with  lubricated  cool  axles. 
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P  =  6  .  —  .v  x  - —  , 
d  2g' 

6  being  the  density  of  the  medium,  with  that  of  water  as  the  unit. 

(7)  By  obliquely  advancing  the  ship  increases  the  resistance  to  her  progress  at 
the  precise  inverse  rate,  as  she  shortens  the  distance  between  two  perpendiculars  on 
the  direction  of  her  motion,  leaving  the  ship  between  them  on  the  plain  of  the 
water's  surface. 

(8)  For  the  same  volume  (B)  of  immersed  or  submerged  solid  the  resistance  to 
motion  by  the  medium  increases  and  decreases  at  the  precise  but  inverse  rate  of 

the  solid's  length  (d)  measured  (for  ships  on  the  water  line)  hi  the  direction  of 
motion. 

(9)  By  increasing  the  length  of  a  solid  intended  to  move  in  submersion  (ship- 
bottom)  for  a  stipulated  volume  (B),  the  resistance  by  the  medium  to  the  motion  of 
such  solid  is  decreased  at  the  precise  same  rate,  viz. :  as  the  value  d  increases. 

When  proof  had  been  presented  of  the  facts  and  laws  thus  stated, 
the  author  evolved  one  more  conclusion  therefrom,  which  it  is  the 
main  purpose  of  the  present  paper  to  discuss,  namely  : 

(10)  The  maximal  velocity  of  fall  of  any  solid  within  a  medium  is 


C=^A*.'l 


&  signifying  the  density  of  the  moving  body  when  compared  with  the  same  volume 
of  the  medium  taken  as  unity ;  and  d  signifying  the  length  of  the  solid,  measured 
in  the  direction  of  motion. 

To  render  proof  of  this  10th  theorem  is  mainly  the  object  of  this 
paper,  some  practical  consequences  being  also  drawn  therefrom. 

If  the  horizontal  movement  of  a  solid  in  a  medium  moves  the 
measured  quantity  of  medium  in  inverse  horizontal  direction,  then 
the  falling  solid  raises  the  measured  quantity  of  medium.  In  this 
light,  the  action  is  analogous  to  what  occurs  in  Attwood's  apparatus 
designed  to  demonstrate  the  modified  velocities  of  impeded  fall,  or, 
of  a  heavier  weight,  P,  when  in  its  fall  it  raises  a  lighter  counter- 
weight, Q. 

It  was  found  by  Attwood,  and  is  now  a  matter  of  demonstration 
in  physical  laboratories,  that  such  impeded  fail  takes  place  with  a 
modification  of  the  value  of  g  by  a  co-efficient, 

-§, 

Q 

or,  in  other  words,  that  S,  the  total  distance  of  fall  for  a  given  time, 
t,  in  vacuo,  with  acceleration  of  gravity,  is  to  Sv  the  fall  during  t,  re- 
tarded by  a  counter-weight,  as  follows: 

7)2  1,2 


2Kp+q) 
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When  a  solid  falls  in  a  medium,  the  two  weights,  P  >  Q,  are  repre- 
sented by  d  and  unity,  and  the  co-efficient 

— i  becomes . 

Under  the  fact  as  expressed  under  theorems  (1)  to  (9)  above 
quoted,  Boo  truly  represents  the  force  of  the  solid's  fall  per  second, 
and 

B  v* 

jyo  +  V 

represents  truly  the  resistance,  which  the  medium  offers  to  such  fall. 
When  these  two  values  become  equal,  then  the  velocity  forming  a 
factor  in  these  values  has  become  uniform  velocity  per  second,  and 
is  no  longer  variable  under  the  law  of  acceleration  by  gravity. 

What  this  velocity,  to  which  there  is  no  increase  or  acceleration, 
because  the  cause  of  acceleration — (force  of  fall,  or  gravity) — is  neu- 
tralized by  resistance  to  fall  by  the  medium,  is,  can  be  learned  from 
the  equation  : 

**  =  -d  v  x  ^J-EJ) and "  =  V*  *(£=£)  =  a* 

In  this  equation,  the  value  for  resistance  by  the  medium  to  the 
falling  movement  of  the  solid  is  set  against  the  potential  energy  for 
falling  in  the  solid,  in  order  to  find  the  velocity  of  fall  which  the 
falling  solid  will  have  attained  at  the  instant,  when  its  faculty  of 
accelerating  its  fall  is,  under  the  velocity  thus  acquired,  neutralized 
by  the  resistance  of  the  medium,  which  resistance  has  become  effec- 
tive at  the  said  acquired  velocity. 

This  method,  employed  for  ascertaining  uniform  maximal  velocity 
of  fall  in  submersion  is  merely  analogous  to  that  employed,  though 
on  quite  different  assumptions,  by  P.  von  Rittinger,  namely,  of 
ascertaining  the  velocity  of  a  vertical  stream  of  water,  which  will 
keep  the  solid  in  the  same  position  relative  to  the  earth,  while  the 
water  is  ascending. 

To  compare  the  two  methods,  and  the  results  attained  by  them, 
to  throw  light  on  causes  of  error,  and  to  reconcile  conflicting  con- 
clusions, is  not  the  purpose  of  this  paper,  as  it  requires  a  mathemati- 
cal argument,  which  will  more  suitably  occupy  a  separate  paper. 

*  In  order  to  distinguish  this  value  for  maximal  uniform  velocity  from  velocity 
under  acceleration,  it  will  be  further  expressed  by  C  as  analogous  to  Rittinger's 
value  c. 
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The  value  C  represents  properly  the  maximal  and  uniform  veloc- 
ity, with  which  any  solid  of  higher  density  than  the  medium  will  fall 
within  such  medium.     And  it  also  represents  the  result  of  a  preced- 

ing  fall  with  a  modified  acceleration  =  g  (— — — V  which  is  desig- 
nated as  "  incipient  fall." 

Here  the  further  question  arises  as  to  the  duration  and  total  dis- 
tance of  such  incipient  fall,  which  precedes  the  fall  with  uniform 
maximal  velocity  of  all  solids  falling  in  a  medium. 

The  total  distance  of  incipient  fall,  that  is,  the  distance  that  the 
solid  will  fall  in  the  medium  before  it  acquires  its  possible  maximal 
velocity,  with  which  it  proceeds  to  fall  uniformly,  until  it  reaches  the 
bottom,  is  given  by  the  following  equation,  in  which  S  is  the  total 
distance  of  accelerated  fall  : 

8=  C*        _*d2g(T+l) 


^+1  ^o  + 

The  significance  of  this  result  is,  that  when  a  solid  has  fallen  in 
a  medium  a  distance  of  its  length  (measured  in  the  direction  of  its 
movement)  multiplied  by  its  density — that  is,  when  it  has  displaced 
in  falling  a  weight  of  the  medium  precisely  equal  to  its  own  weight, 
then  it  ceases  to  be  further  accelerated  in   its  fall,  but  continues  to 

fall  with  the  uniform  velocity  C=  yj  d  .  d  .  2g  \.°         j  per  second. 

The   duration    of    incipient   fall   with   the  modified  acceleration 

* i 

g  /^ -^  for  a  distance  o  d,  is  given   by  the  following  equations, 

accord  ins:  to  well-established  natural  laws  : 

,8 In 

S  =  o  .  d  =  t2  X = ,  whence 


[-273-  c     V«.*(J=i) 

=  *J      77?       TV)  whence  —  = .  — X —  and 


it—\\ 


t  = 


(b  —  K 


86  SOLIDS   FALLING   IN    A    MEDIUM. 

Determining  the  velocity  per  second  of  such  incipient  fall  (though 
in  ore-dressing  practice  such  fall  does  not  continue  in  any  case  for 
a  full  second)  we  find  the  solid  falling  the  distance  d.  d  within  the  time 


\    2dd 


[      '2dd 
According  to  the  proportion  \      /d — 1\    :   \   ::  dd  •    r 


the  incipient  velocity,  v1}  is: 


"J'(£i)    J"'(£i) 


'  V      2  3d  1/2  1/2        "  a 

"We  may  then  correctly  state  these  relations  as  follows : 

(11.)  A  solid  falls  in  rubmersion  first  a  distance,  8.  d,  with  a  modified  acceleration, 

g '  and  with  a  velocity  per  second  —  ;  but  does  so  for  a    time    onlv,  being 

o  +  l  2 


second, 


+ 

until  it  attains,  after  falling  such  distance,  o.  d,  that  is,  after  displacing  in  its  fall 
of  the  medium  a  weight  equal  to  its  own,  a  velocity, 


>l  * 


6d2g 


(5+  1' 


with  which  maximal  and  uniform  velocity  it  then  continues  its  fall  until  it  touches 
bottom. 

When  comparison  is  made  between  different  solids  in  relation  to 
the  different  ultimate  velocities  of  their  fall  in  water,  as  conditioned 
by  their  different  qualities,  we  may  compare  with  one  another  solids 
(and  their  tailing  velocities  in  submersion): 

(a)  Of  different  densities  and  of  different  lengths  (measured  in  the 
direction  of  motion); 

(6)  Of  different  densities  only,  but  of  equal  lengths  (measured  in 
the  direction  of  motion  or  fall) ; 

(c)  Of  different  lengths  (measured  as  specified)  but  of  equal 
densities. 
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For  comparing  ultimate  velocities  of  fall  in  submersion  of  solids 
of  the  class  (a),  we  have  to  make  use  of  the  following  proportions  : 

6, :  Cr.  j/2j  X  yj ^  (£=*)  .  VYg  X  \U  (£=*)  . 


that  is, 


T^^):>^). 


But  while  these  solids  may  differ  from  one  another  in  either  of 
their  essential  qualities  of  density  and  length  (properly  measured), 
it  may  be  easily  shown  that,  nevertheless,  their  ultimate  uniform 
and  maximal  velocity  of  fall  may  be  the  same.  To  demonstrate  this, 
we  suppose  Cx  =  C;  that  is, 


or 


The  condition  for  equal  final  velocities  of  fall  in  a  medium  thus 
appears  to  be  the  equality  of  the  product 

for  the  two  solids  that  are  to  have  equal-falling  velocities  in  the  same 

medium.    This  involves  the  necessity,  that  in  the  same  proportion  as 
■\       -j 

the  values  o  (- -)  relating  to  densities  of  equal-falling  solids  vary, 

the  lengths  (properly  measured)  of  these  solids  must  inversely  vary. 
For  comparing  ultimate,  uniform  velocities  of  fall  in  submersion 
of  solids  of  the  class  (6),  we  have  to  make  use  of  the  following  pro- 
portions, assuming  equal  lengths  (properly  measured)  but  different 
densities : 


^c'!V«,(fr-!)  ■  >(£-!) 


that 


as 
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For  comparing  these  velocities  as  between  solids  of  class  (c),  hav- 
ing equal  densities,  but  of  different  lengths  (properly  measured),  the 
following  proportions  must  be  employed  : 


that  is, 

as  l/^jTl/eT 

And  all  these  results  may  again  be  expressed  in  words  as  follows: 

(12)  The  maximal  and   ultimate  uniform  velocity  of  fall   in    submersion  of  all 
solids  of  anv  form  or  substance  being  in  each  case,  on  the  sole  condition  of  i  >  1, 


tiie  ratio  of  velocity  between  solids  of  different  lengths  (properly  measured  in  the 
direction  of  fall)  and  of  different  densities,  is  as  the  values  of  \jd&  yf^-^j  for  each, 
and  the  velocities  are  equal  when  the  products, 

dc  i  +  V 

relating  to  either  are  equal. 

(13)  The  maximal,  ultimate  and  uniform  velocities  of  the  fall  of  solids  in  a 
medium,  when  these  solids  are  of  equal  lengths  (measured  in  the  direction  of  their 
movement)  rate  as  the  values  of 


V'Gn) 

for  the  several  solids. 

(14)  The  maximal,  ultimate,  uniform  velocities  of  the  fall  of  solids  in  a  medium 
when  these  solids  are  of  equal  densities,  are  as  the  values  for  j/d  relating  thereto, 
that  is,  as  the  square  root  of  their  lengths,  measured  in  the  direction  of  their  fall. 

As  an  illustration  of  all  these  results,  which  are  so  materially 
different  from  what,  on  the  authority  of  Rittinger  and  others,  has 
been  assumed  to  be  true,  a  case  of  common  practice  may  be  dis- 
cussed. Selecting  a  case  where  particles  of  ore,  graded  so  as  to  rep- 
resent approximately  spheres  of  0.001  m.  diameter  {d  measured  as 
length  in  the  direction  of  motion),  the  particles  consisting  in  part  of 
galena,  with  a  density  of  7.4,  and  in  part  of  quartz  of  a  density  of 
2.6,  the  former  particle  will  first  fall  a  distance  of  dd,  or  of  0.0074 
m.  with  a  modified  acceleration,  but  with  a  velocity  per  second  of 
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C  -r-  2.     And   after   such  incipient  fall  the  particle  of  galena  will 
continue  to  fall,  until  it  reaches  bottom,  with  a  uniform  velocity : 


C=  V*  X  J"  (§fl)  =  4-43  Jo.001  X  7.4  X  |  =  0.3324 
m.  per  second. 

But  the  particle  of  quartz  falls  with  modified  acceleration  a  dis- 
tance only  of  0.001  X  2.6  =  0.0026  m.,  and  will  then  continue  to 
fall  with  the  uniform  velocity  of: 


a  =  4.43    0.001  X2.6X-^  =  0.15062  m.  per  second. 
\  3.6 

From  these  results  the  conclusion  must  be  drawn,  that,  unless 
modified  by  such  influence  as  incipient  fall  may  exercise,  the  particle 
of  galena  will  reach  bottom  in  less  than  half  the  time  required  by 
the  particle  of  quartz  for  doing  the  same,  in  other  words,  that  in  the 
same  grade  of  particles  falling  in  water,  galena  will  form  the  lower 
and  quartz  the  upper  stratum  of  deposit. 

It  should  therefore  be  shown,  whether  this  result  is  prevented  by 
the  effect  of  incipient  fall,  and  if  not  prevented,  to  what  extent  the 
general  result  be  thereby  modified. 

The  incipient  velocities  being  for  galena  as  0.3324  -j-  2  =  0.1662, 
and  for  quartz  0.15062  -i-  2  =  0.07531,  the  general  result  would  be 
precisely  maintained,  if  the  time  for  incipient  fall  for  both  particles 
were  the  same. 

The  incipient  time-fraction  is  in  either  case  determined  by 

Q 

•>       -.    ;  and  g  being  assumed  as  9.8  m,  we  have 


for  galena 


and  for  quartz  : 


0.3324 
*= 64  =  0.044, 

9.8  X  — 

8.4 


t  =  °-1506         =  0.034. 


M*-CT 
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During  these  incipient  time-fractions  both  particles  fall,  as 
already  remarked,  with  half  their  general  and  proportionate  ultimate 
velocities. 

Therefore  with  equal  incipient  time  of  fall  neither  alteration  nor 
modification  of  the  general  result  of  fall  with  uniform  ultimate 
velocities,  such  as  have  been  shown,  would  take  place  as  a  result  of 
incipient  fall  with  modified  acceleration. 

But  as  the  time-fractions  for  incipient  fall  are  not  equal,  a  certain 
modification  of  the  general  effect  of  ultimate  uniform  velocities  must 
result.  And  it  is  of  practical  interest  to  show  the  true  nature  of 
this  modification. 

It  appears  more  to  the  purpose  to  illustrate  the  effect  by  the  dis- 
cussion of  a  practical  instance  of  known  application,  than  to  further 
discuss  the  underlying  theorems;  therefore  I  shall  continue  to  con- 
sider the  case  already  selected  as  an  illustrative  one.  Assuming 
the  0.001-m.  galena  and  quartz  particles  subjected  to  the  action  of  a 
jig  working  with  200  full  strokes  or  reciprocations  per  minute,  the 

plunger-down-stroke  or  the  rising  of  bed-water  will  take  - 


2X200 
or  0.15  sec. 

The  behavior  of  either  particle  during  this  0.15  sec.  will  be  as 
follows : 

Sec.  Meters. 

Of  the  0.150, 

the  0.001-galena-particle  will  pass  in 
incipient  fall  0.044,  falling  0.0074 

leaving  for  fall  with  uniform  velocity,  0.106,  falling  0.106  X  0.3324,  or,  0.0352 

and  hence  will  fall  in  0.15  sec,  0.0426 

The  0.001  -quartz-particle,  will  of  the        0.150, 
pass  in  incipient  fall  0.034,  falling  0.0026 

leaving  for  fall  with  incipient  velocity,        0.116,  falling  0.116  X  0.1506,  or,   0.0175 


and  hence  will  fall,  in  total,  in  quiet  water  in  0.15  sec.  the  distance  of,  0.0201 

per  stroke,  which  also  means,  that  with  a  plunger-lift  of  0.02  m., 
and  with  200  revolutions  per  minute,  the  0.001-m.  quartz-particle 
will  neither  rise  nor  fall,  but  will  be  kept  suspended  in  the  rising 
stream.  And  if  the  velocity  of  the  rising  stream  is  increased  as  a 
consequence  of  impeded  space  of  current,  the  0.001-m.  quartz-particle 
will,  with  a  0.02-m.  plunger-stroke  and  200  revolutions,  be  carried 
over  by  the  stream. 

The  proportionate  distances  of  fall  per  sec.  with  ultimate,  uniform 
velocity  exclusively,  would  be  for  the  two  0.001-m.  particles  as  : 
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M.  per  Sec. 

0.1506:0.3324  or, 0.453 

while  their  real  or  total  proportionate  fall  is  as  0.0201  :  0.0426,  or,     .         .     0.472 

leaving  a  difference  of  proportionate  fall  =, 0.019 

m.  per  sec.  between  the  assumed  and  the  real  case. 

It  is  thus  shown,  that,  although  the  general  effect  is  indeed  modified 
nearly  2  per  cent,  by  incipient  fall,  this  modification  is  both  favor- 
able and  (within  the  limits  occurring  in  practical  ore-dressing)  not 
sufficiently  important  to  deserve  special  consideration  in  separating 
ore-particles  by  their  velocities  of  fall  in  water. 

Intelligent  mineral-separating  practice  in  subjecting  particles  of 
as  nearly  equal  lengths,  d,  as  may  be  assorted  or  graded  by  sifting, 
to  the  action  of  an  alternately  ascending  and  receding  or  resting 
stream  of  water,  selects  as  the  adequate  velocity  of  the  ascending 
stream  one,  which  is  in  excess  of  the  uniform  falling-velocity  of  the 
lighter  of  the  particles,  which  are  to  be  separated  by  density-classes, 
and  below  the  uniform  falling-velocity  in  water  of  the  heavier 
particle;  the  stream-velocity  selected  being  nearer  to  the  former  than 
to  the  latter.  With  plunger-velocities  thus  regulated,  the  actual 
stream-velocity,  as  a  consequence  of  impeded  space  for  flow,  will  be 
moderately  increased,  establishing  in  practice  a  true  intermediate 
velocity  between  the  two  extremes.  Thereby  the  lighter  particles 
are  found  to  follow  the  movement  of  the  stream,  while  the  heavier 
particles  remain  unmoved  or  fall  back  to  the  sieve-bed,  on  which  they 
are  spread. 

A  reciprocating  movement  of  the  water  is  evidently  not  required, 
as  the  ascending  stream  effects  the  separation  ;  but  the  stratification 
of  particles  resulting  as  stated  is  not  materially  disturbed  by  the 
receding  of  the  stream.  The  receding  movement  has  been  retarded 
by  complicated,  and  mostly  objectionable,  construction  of  mechanical 
parts  intended  to  produce  plunger-movement,  but  the  simpler 
method  for  such  retardation  of  the  receding  stream,  or  even  for  its 
total  avoidance,  is  found  in  supplying  feed-water  under  the  plunger* 
and  sieve  at  the  intervals  in  which  the  plunger  makes  its  receding 
movement. 

*  Jigs  equipped  as  here  indicated  were  unsuccessfully  tried  early  in  the  present 
century  on  German  mines  and  were  called  Sefzpumpen.  The  cause  of  failure  con- 
sisted in  the  frequent  giving-out  of  the  necessary  plunger-valves.  This  cause  of 
failure  is  entirely  avoided  by  a  valve  which  can  be  interchanged  from  the  exterior 
and  even  while  the  jig  is  in  operation,  or,  as  a  further  precaution,  by  the  use  of  a 
simple,  durable  flap-valve,  such  as  is  shown  in  the  accompanying  figures. 
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In  any  given  case,  the  conditions  for  adapting  the  plunger-move- 
ment to  the  rational  requirements  may  be  ascertained  in  a  manner, 
for  which  the  following  may  serve  as  a  practical  illustration  : 

With  a  0.001-m.  grade  of  quartz  and  galena,  the  ultimate  veloci- 
ties for  which  are  in  water  as  0.15  m.  and  0.33  m.  per  second,  the 
ascending  stream,  to  which  they  are  exposed  for  the  purpose  of  sep- 
arating the  single  particles  according  to  their  different  densities, 
should  have  a  velocity  of  more  than  0.15  m.  and  of  less  than  0.33 
m.  per  second.     The  intermediate  velocity  is 

0.15  +  0.33      nf)A  ,0.15  +  0.24       Ain, 

! =  0.24  m. ;  and 1 =  0.195  m., 

2  2 

per  second  complies  closely  with  the  conditions  for  separation,  as 
above  specified. 

Assuming  0.2  m.  per  second  as  the  desirable  ascending  stream- 
velocity,  the  jig-plunger,  unless  corresponding  to  unequal  sieve-area, 
will  have  to  pass  a  distance  of  0.2  X  60  =  12  m.  per  minute. 

For  reasons  previously  discussed,  the  time  for  each  exposure  of 
particles  to  the  ascending  stream  should  be  in  excess  of  the  time  of 
incipient  fall  for  both  classes  of  particles,  and  should  be  sufficient  for 
full  development  of  ultimate  uniform  velocity  of  fall  for  either  par- 
ticle. The  time  per  stroke,  therefore,  should  be  0.0722  seconds  or 
more  for  the  single  plunger-stroke  and  0.1444  seconds  for  the  full 
stroke.  Of  such  strokes  there  are  possible  in  a  minute  60  -r-0.15 
=  400.  The  total  distance  of  12  m.  to  be  passed  per  minute,  di- 
vided into  400  strokes,  leaves  for  each  full  stroke  a  distance  of  0.03 
m.,  and  for  the  single  stroke  or  plunger-lift  0.015  m.  for  0.001-m. 
material  or  grade  of  ore. 

The  possibility  of  complying  with  all  known  conditions  for  suc- 
cessful mineral-separation  by  means  of  a  rationally-constructed  jig 
induced  the  writer  at  different  times  to  turn  his  attention  to  such  a 
coustruction.  The  first  result  some  twenty  years  ago  was  the  one- 
plunger  and  multiple-sieve  jig,  producing  with  a  very  simple  me- 
chanism a  decreasing  velocity  of  up-stream  on  successive  sieves.*  A 
one-lever  jig,  with  a  plurality  of  suspended  plungers,  producing  the 
same  effect  by  different  mechanical  means,  replaced  this  first  attempt, 
both  doing  good  service  in  the  treatment  of  ore  containing  more  than 
one  valuable  mineral.     The  accompanying  figures  represent  a  jig  of 

*  Compare:  Berg  unci  Huettenmaennische  Zeitung,  1872,  No.  22,  and  P.  Ritter 
von  Rittinger,  Zweiler  Nachtrag  zum  Lehrbuch  der  Aufbereitungskunde,  p.  38. 
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more  recent  construction,  in  which  an  entirely  new  mechanical  move- 
ment for  evolving  reciprocating  straight-line  motion  from  revolving 
motion  is  applied,  for  which  movement  patent  has  been  allowed  to  the 
author,  but  as  yet  has  not  been  issued.  The  distinctive  character 
of  the  machine,  as  shown,  lies  in  leading  the  different  minerals  con- 
tained in  the  ore  above  the  sieve  in  two  opposite  directions,  the 
lighter  material  passing  to  adjoining  sieves  on  the  surface  of  the  bed, 
and  the  heavier  passing  in  the  opposite  direction  in  close  proximity 
to  the  sieves  themselves,  there  being  two  outlets  above  the  sieve,  one 
for  headings  and  one  for  tailings.  It  is  evident  that  intermediate 
products  (as  to  density)  will  collect  on  intermediate  sieves. 

The  letters  in  the  drawings  mark  the  different  parts  as  follows  : 

A  is  a  circular  wooden  vessel,  the  inner  space  of  which  is  divided 
into  eight  circumferential  and  one  central  (C)  compartments,  the 
former  communicating  with  one  another  but  only  above  the  sieve- 
level,  <7,  in  the  manner  shown  in  Figs.  4  and  5.  Each  compartment 
has  a  hand-hole  (not  shown),  a  movable  syphon-pipe  and  a  dis- 
charge-valve (not  shown)  with  a  lever  attached  and  a  spring  holding 
the  latter  in  position.  The  lever  serves  for  manipulating  the  valve, 
the  attendant  using  his  foot  for  such  manipulation. 

The  vessel,  A,  is  shown  as  a  wooden  cistern,  but  in  improved  form, 
is  made  of  as  many  cast-iron  sections  as  there  are  compartments, 
these  sections  having  flanges  on  three  sides,  by  means  of  which  they 
are  bolted  together  to  form  with  the  bottom-plate  the  vat,  A',  of  which 
the  outer  upper  edge  is  represented  in  Fig.  4,  with  its  two  overflows, 
j  and  j',  separated  from  one  another  by  the  wall,/.  One  outflow  is 
for  headings  and  the  other  for  tailings,  middlings  beiug  gathered  from 
the  sieves  with  scrapers. 

B  is  an  inner,  circular,  concentric  tube-shaped  partition,  open  above 
and  below,  dividing  the  upper  part  of  the  8  compartments  into 
two  spaces  each,  thus  forming  an  inner  circle  of  8  independent 
plunger-spaces  and  an  outer  circle  of  8  independent  sieve-spaces, 
all  division  walls,  ii',  IV,  eef,  except  E2,  which  supports  the  sieve- 
frames,  being  made  of  sheet-metal,  and  no  faces  being  left  on  which 
the  moving  water  would  strike  in  a  perpendicular  direction. 

Fig.  5  shows  the  face  of  the  tube,  B,  in  part,  that  is  turned  towards 
the  sieves,  which  are  placed  outside  thereof. 

C  is  a  central  tube  with  8  vertical  incisions,  intended  to  receive 
and  hold  on  its  outside  the  inner  edges  of  the  compartment-division- 
plates,  and  to  give  space  inside  to  the  hub  of  the  spider,  F',  from 
which  the  8  plungers,  F,  are  rigidly  suspended.     The  tube,  C,  does 
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not  serve  as  guide  to  the  rod,  F2;  the  mechanical  movement  applied 
not  leaving  any  want  thereof,  but  causing  in  itself  a  true  straight- 
line-reciprocating  motion. 

D  is  a  hollow  cone,  which  may  be  cast  as  a  part  of  the  bottom- 
plate.  The  tube,  C,  rests  on  this  cone,  which  has  on  its  slanting 
face  grooves  corresponding  to  those  on  the  tube  and  intended  to 
receive  the  edges  of  the  partition-plates,  E,  E',  E2 ;  such  grooves  or 
incisions  being  continued  also  on  the  inner  face  of  the  bottom  and 
vat- wall  by  means  of  strips,  in  case  the  vat  is  of  wood,  or  by  means 
of  space  left  between  the  flanges  of  sections,  if  the  vat  is  made  of 
cast-iron. 

E,  E',  etc.,  are  8  radial  division-walls,  separating  8  compartment- 
sets,  the  outer  edges  of  which  are  inserted  in  grooves,  as  above 
described  ;  the  upper  part  of  each  partition-plate  having  a  slit,  into 
which  the  tube-wall,  B,  is  partly  inserted;  the  inner  upper  edge 
reaching  very  nearly  to  the  level  of  the  outer  wall  of  the  vessel,  A, 
and  the  outer  edge  reaching  to  the  under-face  of  the  ring-shaped  sieves, 
s;  the  lower  sieves  being  inserted  between  these  partition-plates.  By 
the  level  of  the  upper  edges  of  these  plungers  the  flow  of  feed-water 
is  regulated,  which  in  operating  the  jig  must  overflow  all  of  these 
upper  edges.     Hence  slides  are  used  for  regulating  their  level. 

F  designates  8  plungers,  each  closely  filling  one  of  the  8  plunger- 
spaces,  which  surround  the  tube,  C.  Each  plunger  has  a  central 
valve,  opening  when  the  plunger  is  raised,  and  closing  when  the 
plunger  moves  downward.  These  plungers  are  shown  as  made  of 
wood,  but  are  preferably  made  of  a  cast-iron  (J  inch)  plate  with  the 
valve  sunk  into  a  central  aperture  and  flanged  thereto  in  such 
manner,  that  the  valves  may  be  interchanged,  while  the  jig  is  in 
operation.  The  valves,  g,  being  submerged  during  operation,  the 
water-pressure  from  above  opens  the  flaps  when  the  plunger  ascends, 
a  cross-bar  limiting  the  movement  of  the  flap.  The  valve  opens 
when  the  plunger  ascends,  thus  avoiding  in  part  the  receding  of  the 
water  from  the  sieves.  All  8  plungers  are  suspended  rigidly  from 
the  spider,  F',  each  by  3  bolt-bars,/. 

When  the  motive  power  is  provided  by  an  electric  motor  set  on 
the  shaft,  H,  the  down-stroke  of  the  plunger  is  accelerated  by  the 
use  of  a  metal  spring,  working  on  the  rod,  F2.  The  water,  passing 
through  the  plunger-valves,  ascends  through  the  sieves  and  finds  an 
outlet  only  through  the  two  cuts,  j  and  j'.  It  is  on  this  account, 
that  the  water-feed-pipe,  K,  discharges  at  the  most  distant  point  from 
these  outlets,  j  and  j',  namely  over  the  plunger  corresponding  to  the 
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sieve-space,  i4-l'.  The  ore  is  fed  on  the  sieves  with  or  without 
water,  according  to  its  specific  qualities. 

G  designates  the  supports  for  the  bearings  of  the  movement  of  the 
jig,  shown  as  independent  wooden  posts,  but  made  in  improved  form 
of  cast-iron  arches  resting  on  the  top  of  the  vat,  A. 

H,  H',  are  two  parallel  shafts,  geared  for  an  equal  number  of 
revolutions  by  the  gear-wheels,  h2,  the  one  vertically  above  the  other, 
and  the  one  running  inversely  of  the  other,  each  having  keyed  to  it 
one  of  two  equal  inversely-running  eccentrics.  H"  and  H4  are  both 
inclosed  and  run  in  the  same  frame,  H3,  of  which  a  point,  h3,  moves 
in  a  straight  reciprocating  line.  The  rod,  F,  is  connected  with  said 
point,  A3,  by  two  straps,/3,  four  bars,/2,  to  stradle  the  lower  shaft,  H', 
and  a  plate,/'.  The  stroke  is  made  variable  by  an  inner  eccentric 
provided  within  those  (H2  and  H4)  running  in  the  frame,  H3,  and 
set  in  different  positions  by  the  bolts,  h*,  h5,  h6.  The  cap  enclosing 
the  lower  and  outer  eccentric  is  packed  so  as  to  make  allowance  for 
a  slight  longitudinal  play  in  the  frame  of  this  lower  eccentric ;  the 
upper  one  serving  to  impart  power,  and  the  lower  to  guide  the  point, 
h3,  in  a  straight-line  reciprocating  movement. 

I  is  the  discharge-end  of  the  ore-feeder,  feeding,  as  shown  in  Fig. 
4,  to  the  sieve  by  which  a  division  into  headings  and  tailings  is  first 
produced  (i'-lf).  The  percentage  of  headings  being  smaller  than 
that  of  tailings,  there  is  provided  a  slide,  i  (Fig.  4),  for  regulating 
the  vertical  dimension  of  the  channel,  i\  similar  slides  being  pro- 
vided between  each  two  sieves  on  the  headings-side.  The  ore-outlets, 
;  and  j' ,  have  similar  regulating  slides  (not  shown) ;  but  there  the 
upper  edge  regulates  the  level  of  outflow. 

A  certain  regularity  as  to  ore-quantity  fed  to  this  jig  is  as  indis- 
pensable to  its  perfect  work,  as  it  is  in  the  case  of  any  other  well 
appointed  jig. 

J  represents  8  siphon-pipes,  one  for  each  sieve-compartment,  serv- 
ing two  distinct  purposes.  A  continuous  discharge  may  be  effected 
from  any  or  all  of  the  hutch-boxes,  A',  by  the  use  of  these  siphon- 
pipes.  Where  the  action  on  anjr  one  or  all  of  the  sieves,  even  under 
adequate  movement  of  plunger,  is  not  sufficiently  lively,  these  pipes 
may  be  used  by  means  of  hose-attachments  for  supplying  water  to  the 
hutch-boxes.  When  detached,  the  apertures  therefore  permit  the 
use  of  a  water-jet  for  slushing  or  cleaning  purposes. 

K  is  the  water-supply-pipe,  discharging  over  the  plunger-space 
that  corresponds  to  the  sieve,  to  which  the  ore  is  fed.  The  upper 
edges  of  the  partition-plates,  separating  the  different  plunger  com- 
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partments,  may  properly  be  reduced  in  level  towards  the  opposite 
side  of  the  vat,  so  as  to  cause  regular  flow  and  decrease  of  pressure 
on  the  tail-segment.     (Compare  remarks  on  E  above.) 

s,  s',  are  upper  and  lower  sieves,  made  of  coarse  supporting  wire- 
cloth,  covered  by  and  attached  to  wire-cloth  of  such  fineness,  as  to 
retain  the  ore-size  treated  above  sieves  in  the  main,  and  provided  at 
the  start  with  appropriate  ore-beds,  the  lower  with  a  heavier  bed 
than  the  upper  one.  To  each  sieve-pair  there  is,  between  the  sieves, 
a  hand-hole  in  the  vat-wall  (not  shown  in  the  drawing),  with  water- 
tight cover.  The  lower  sieve  and  ore-bed  cause  an  equalization  of 
the  ascending  stream  of  water  over  the  sieve-area,  which  contributes 
much  to  perfect  separation  being  effected  on  the  upper  sieves. 

I  abstain  from  further  remarks  about  the  jig,  the  construction  of 
which  has  thus  been  shown,  but  desire  to  say  a  few  words  more  in 
regard  to  jigs  in  general. 

With  a  construction  permitting  adaptation  of  number  and  size  of 
strokes  to  any  given  requirement  within  the  limits  of  common  prac- 
tice, with  proper  provision  for  above-  and  below-sieve  water-supply, 
with  an  ore-supply  harmonized  with  the  water-movement  and  with 
a  rational  use  made  of  the  facilities  thus  offered  by  the  machine, 
successful  working  can  be  accomplished  in  all  cases,  where  the  fun- 
damental condition  of  difference  in  density  between  particles  of 
similar  dimensions  is  fulfilled.  It  remains  to  consider  what  limit- 
ing conditions  there  are  to  such  similarity  of  dimensions. 

If  in  practice  jigs  are  not  by  far  the  highly  appreciated  machines, 
that  they  properly  should  be,  the  cause  of  this  is  not  in.  the  lack  of 
practical  virtue  in  the  machine  but  mainly  in  their  unintelligent  ap- 
plication in  general  practice  at  even  this  late  date.  My  individual 
experience  during  the  last  quarter  of  a  century  has  convinced  me, 
that  the  planning,  constructing,  and  operating  of  establishments  for 
ore-concentration  is  shunned  by  professional  mine-engineers,  who 
willingly  have  left  and  do  leave  the  care  of  this  special  field  to 
the  convenience  of  machine-shops,  and  to  skilled  labor  and  its  many 
blunders. 

From  the  preceding  discussion  it  has  already  become  evident,  that 
equality  of  particles  in  volume  and  length,  with  the  greatest  differ- 
ence in  density,  would  be  the  most  favorable  condition.  The  latter 
being  the  work  done  by  nature  and  the  former  to  be  brought  about 
by  man,  no  absolute  equality  of  volume  and  length  can  be  attained 
for  the  mineral  particles  graded  for  simultaneous  treatment.  Simi- 
larity of  dimensions  alone  is  practically  obtainable,  and  it  remains  to 
vol.  xxiv. — 7 
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determine  to  what  extent  similarity  may  vary  from  equality  without 
refusing  to  do  service  in  its  stead. 

The  12th  theorem  shows,  that  the  condition  to  equal  final  velocity 
of  fall  of  solids  in  a  medium  consists  in  this,  that  the  product, 

relating  to  both  the  solids,  shall  represent  an  equal  total  value. 

Investigating  the  true  nature  of  this  condition,  I  once  more  select 
the  specific  case  used  heretofore  as  an  illustration  for  applied  theory, 
namely,  the  case  of  galena  and  quartz  mixed. 

To  find  the  dimension  d  for  a  particle  of  quartz,  the  final  falling 
velocity  of  which  would  be  equal  to  the  final  falling  velocity  in 
water  of  a  0.001 -m.  particle  of  galena,  we  have  by  the  11th 
theorem  the  following  equation  : 

0.001  X  7.4  X  ?4  =  d  x  *--e  x  s4 
8.4  o.o 

and  in  consequence  the  dimension  d  for  the  particle  of  quartz, 
which  falls  with  equal  final  and  uniform  velocity  with  the  0.001-m. 
particle  of  galena,  is 

6.4 
0.001  X  7.4  X  ^ 

d  =  -  1  0  =  0.0049  ro. 

And  the  time  for  incipient  fall  with  modified  acceleration  relating 
to  this  0.0049-m.  quartz-particle  appears  as 

tl  =      ^     =  0.1506X1/4:9  =  Q  0?657 

*(y+i)       9-8  (3^ 

against  t  =  0.044  for  the  0.001-m.  galena  particle. 

It  is  thus  shown  that  of  the  two  equal-falling  particles,  the  one 
of  lower  density  passes  the  longer  time  in  incipient  fall,  falling  for 
0.076 — 0.044  =  0.032  sec.  longer  with  only  half  the  final  velocity 
common  to  both,  and  that  it  will  arrive  at  a  given  distant  point  later 
than  the  otherwise  equal-falling  particle  of  higher  density.     To  take 
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the  benefit  of  this  difference  in  falling  distance  for  the  time  of  in- 
cipient fall  would  require 

60  X  2        =  3750 


0.07b  —  0.044 


strokes  of  the  plunger  per  minute. 

Such  a  number  of  strokes  per  minute  is  manifestly  impracticable, 
and  there  is  no  good  reason  for  seeking  even  to  approach  it.  The 
utilization  of  the  final  velocities  of  fall  is  conditioned,  not  on  the 
use  of  such  a  great  number  of  revolutions  per  minute,  but  on  the 
avoidance  of  a  difference  in  the  dimension  d  as  large  as  that  of 
1  :  4.9  in  the  case  under  consideration.  The  general  practical  con- 
clusion arrived  at  thus  appears  to  be,  that  separation  by  density 
through  utilization  of  difference  in  falling  velocities  in  submersion  is 
practicable  for  grades  of  ore  that  are  so  similar  in  their  dimension 
d  as  not  to  differ  to  the  extent  of 

^ -i 

8  . for  the  heavier  mineral 

d  +  1 
1  for  the  heavier  mineral  : *       -. • 

d,. for  the  lighter  mineral 

And  the  greater  the  similarity  of  the  dimension  d  in  the  parti- 
cles forming  a  grade  for  simultaneous  treatment  within  the  said 
extreme  limits  of  dissimilarity,  the  better  will  separation  by  density 
succeed. 

It  further  appears  from  the  preceding  argument  that  what  has 
been  considered  as  equal-falling  under  the  theories  advanced  by  P. 
von  Rittinger,  and  governing  our  ore-dressing  practice  hitherto,  is 
not  so,  even  in  the  limited  application  of  the  term  to  ultimate 
uniform  falling  velocity,  yet  is,  in  fact,  of  sufficient  similarity  of 
dimensions  for  practical  separation  by  densities,  leaving  the  conclu- 
sion intact,  that  the  closer  the  similarity  of  dimensions  the  more  effec- 
tive the  separation  by  falling  velocities  in  a  medium.  And,  again, 
the  conclusion  is  inevitable,  that  the  dimension,  d,  for  length, 
measured  in  the  direction  of  motion,  alone  and  exclusively  is  of 
relative  importance,  and  that  transverse  section  and  shape  are  with- 
out fundamental  influence  on  the  comparative  velocity  of  immersed 
fall,  the  laws  here  stated  applying  to  all  similar  shapes  #of  solids, 
and  not  to  spheres  alone. 

On  the  foundation  of  the  newly  discovered   natural  law,  that  a 
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stable  volume,  when  moving  in  a  medium,  causes  a  quantity  of  the 
medium  to  move  in  inverse  direction,  the  quantity  of  medium  mov- 
ing being  equal  in  volume  to  the  average  transverse  section  of  the 
moving  stable  volume,  by  the  length  of  travel,  and  the  distance  for 
which  the  said  quantity  of  medium  is  moved,  being  the  length  of  the 
moving  stable  volume,  measured  in  the  direction  of  motion — on 
the  foundation  furnished  by  this  natural  law,  and  by  the  use  of  a 
new  value  in  mechanics,  viz.,  the  value  for  transverse  average  sec- 
tion, it  has  been  possible  to  measure  correctly  and  clearly  resistance 
to  motion  in  submersion,  to  determine  all  velocities  of  fall  of  solids 
in  submersion,  whatever  their  form  may  be,  and  to  provide  a  rational 
and  general  method  for  regulating  practical  ore-separation. 


1HE  REFINING  OF  GOLD   SULPHIDES  PRODUCED  BY  THE 

PRECIPITATION  OF  GOLD  FROM  CHLORINE  OR 

BROMINE  SOLUTION  WITH  SULPHUROUS 

ACID  AND  HYDROGEN  SULPHIDE. 

BY  WERNER  LANGGUTH,  PORTLAND,  OREGON. 
(Virginia  Beach  Meeting,  February,  1S94.) 

Since  the  introduction  of  the  improved  method  of  precipitating 
gold  from  chlorine  solution  by  S02  and  H2S  at  the  Golden  Reward 
chlorination-works,  Deadwood,  S.  D.,*  this  modern  method  has 
been  further  adopted  in  the  chlorination-works  of  the  Portland  Con- 
solidated Company  at  Deadwood,  and  in  those  of  the  Black  Hills 
Milling  and  Smelting  Company  at  Rapid  City,  S.  D.  It  has  proved 
practically  most  successful  in  the  handling  of  large  quantities  of 
gold  solution,  and  constitutes  up  to  date,  with  Mr.  John  E.  Roth- 
well's  most  important  improvement,  namely,  barrel-leaching  under 
hydraulic  pressure,  the  principal  progress  made  in  gold  chlorination. 

The  method  of  refining  the  gold  sulphides  which  result  from  this 
method  of  precipitation,  was  introduced  by  me  in  1890  at  the  Golden 
Reward  works,  and  in  1892  at  those  of  the  Black  Hills  Company. 
It  has  not  suffered  any  changes  during  the  last  three  years,  and  is 

substantially  as  described  below: 

* 

*  Described  and  discussed  in  the  Engineering  and  Mining  Journal  of  February  14 
and  March  21,  1891,  and  in  Trans.,  xxi.,  314. 
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1. — Drying  and  Roasting. 
The  gold  sulphides  collected  are  dried  already  as  far  as  practicable 


Fks.  l. 


Meltinc-Furnace,   section 


PULVERIZING   DRUM. 


Roasting-  and  Melting-Furnace,  Golden  Reward  Works,  1890. 

in  the  filter-press  by  passing  compressed  air  through  them,  and  are 
then  transferred  (care  being  taken  to  avoid  loss  in  handling)  to  light 
sheet-iron  pans,  20  inches  wide,  36  inches  long  and  4  inches  high. 
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Precipitate  and  filter-cloth  are  kept  separate  as  much  as  possible. 
If  dried  well  in  the  press,  the  precipitate  is  easily  detached  from  the 
filter-cloth  in  pretty  hard  black-brown  cakes.  The  pans,  with  pre- 
cipitate and  filter-cloth,  are  now  introduced  into  the  muffles  of  the 
roasting- furnace. 

Fig.  1  is  a  sketch  of  the  muffle  roasting-  and  melting- furnace  at 
the  Golden  Reward  works.  It  gives  the  arrangement  and  front 
elevation,  and  makes  a  detailed  description  unnecessary.  The  parts 
are  lettered  as  follows:  C,  cast-iron  frame;  D,  brick  floor  of  the  re- 
finery; E,  ash-pit;  HH,  dampers;  I  I,  braces ;  K,  Dixon's  plum- 
bago crucible,  No.  100;  L  L,  flue  to  large  chimney;  M,  muffle; 
N,  fire-box  ;  O,  mould.  The  muffle  is  of  cast-iron,  2  by  4  feet  in 
plan,  12  inches  high  and  1  inch  thick.  The  melting-furnace  is  8 
feet  square,  and  its  ash-pit  connects  with  the  outside  of  the  building 
through  an  underground  tunnel.  The  roasting- furnace  is  fired  from 
the  back  side. 

The  later  plant,  constructed  by  the  writer  in  1892  for  the  Black 
Hills  Company,  is  shown  in  Fig.  2,  in  which  the  parts  are  lettered  as 
follows:  A,  chimney  ;  B,  cast-iron  roasting-pans ;  C,  cast-iron  front ; 
D,  brick  floor  of  the  refinery  ;  E,  ash-pit ;  F,  staircase  ;  G,  basement ; 
H,  damper;  I  I,  braces ;  K,  Dixon's  plumbago  crucible,  No.  100 ;  L, 
flue.  The  roasting-pans  are  2  by  4  feet  in  area,  with  sides  4  inches 
high.     The  melting-furnace  is  round,  and  3  feet  in  diameter. 

At  these  works,  the  dried  precipitate  and  the  filter-cloth  are  trans- 
ferred to  the  open  cast-iron  pans,  B ;  the  muffle  is  done  away  with, 
and  the  furnace  is,  in  consequence,  much  simplified.  Here  the 
roasting-gases  escape  by  the  telescope-shaped  stack  or  gas-catcher 
through  the  roof.  The  gas-catcher  is  balanced  by  counterweights. 
Its  lower  part  is  enlarged,  and  is  lowered  to  about  4  inches  from  the 
top  of  the  roasting-pans  as  soon  as  the  furnace  has  been  charged,  to 
allow  sufficient  free  access  of  air  from  all  sides.  If  the  draft  is  too 
strong,  the  gas-catcher  is  moved  higher  and  can  thus  be  regulated  to 
get  the  best  condition  for  roasting. 

When  the  muffle  or  roasting-pans  are  charged,  the  heat  in  the 
furnace  is  kept  gentle  at  first  to  drive  off  the  moisture,  and  is  raised 
little  by  little  to  a  dark-red  heat.  Sulphur,  arsenic  and  antimony 
are  oxidized  and  driven  off,  and  the  filter-cloth  quickly  burns  to 
ashes  when  detached  from  the  precipitate.  The  whole  treatment  of 
a  charge  can  be  conducted  within  two  to  three  hours.  The  mass 
now  invariably  presents  a  red-brown  or  yellow  appearance,  and  only 
a  very  small  j>ercentage  of  arsenic  and  sulphur  ought  to  be  left.  Some 
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care  bas  to  be  exercised  during  the  whole  operation  of  roasting,  not 
to  lose  any  of  the  fine  precipitate.  The  draft  must  be  well  regulated 
and  stirring  almost  completely  avoided.  Steam-drying  before  roast- 
ing is  unnecessary,  and  only  adds  to  cost  and  labor. 

2. — Pulverizing  and  Fluxing. 

When  sufficiently  cooled,  the  roasted  sulphides  are  carefully  trans- 
ferred by  means  of  a  hand-scoop  and  brush  from  the  muffle  or  the 
pans  into  the  pulverizing-drum  (see  Fig.  1),  a  cylindrical  sheet-iron 
barrel,  3  feet  in  diameter  and  4  feet  long,  running  on  trunnions,  pro- 
vided with  an  air-tight  man-hole  and  revolved  by  means  of  a  crank 
or  pulley.  Some  good-sized  cobble-stones  put  into  it  greatly  assist 
pulverization. 

A  little  borax,  soda  and  niter  is  now  added,  according  to  the  com- 
position of  the  sulphides.  Sometimes  the  solution  from  leaching  has 
not  been  quite  clear,  and  a  perceptible  amount  of  slimes  (ore)  has 
accumulated  with  the  sulphides  in  the  precipitating-tauk ;  or  the 
roasting  before  chlorination  has  not  been  as  thorough  as  it  might 
have  been,  and  considerable  quantities  of  arsenic  and  antimony  have 
gone  into  solution  with  the  gold  in  chlorination,  and  have  been  pre- 
cipitated with  S02  and  H2S,  and  not  all  eliminated  in  roasting  the 
sulphides.  All  such  circumstances  have  to  be  considered,  and  the 
necessary  fluxes  added,  to  secure  a  fusible  slag  of  light  specific  grav- 
ity that  will  render  possible  the  collection  of  the  gold  and  a  clear 
slag.  If  the  ore  treated  in  the  mill  is  siliceous,  the  flux  will  have  to 
be  in  general  an  alkaline  one,  such  as  soda,  potash,  etc.  If,  on  the 
contrary,  the  ore  is  a  basic  one,  a  siliceous  flux,  such  as  glass  or  sand, 
etc.,  has  to  be  added.  If  sulphur,  arsenic  or  antimony  has  remained, 
niter  or  metallic  iron  may  be  added.  Niter,  however,  must  always 
be  employed  with  caution,  as  it  occasions  violent  action  during  fusion. 
As  the  conditions  are  always  varying,  the  fluxing  in  each  case  has 
to  be  left  to  the  discretion  of  the  chemist  or  manipulator. 

The  fluxes  are  added  direct  to  the  sulphides  in  the  pulverizing- 
drum,  and  become  well  mixed  during  pulverization.  They  should, 
at  all  times,  be  perfectly  dry.  Moisture  in  the  flux,  anywhere,  will 
surely  occasion  loss  during  fusion,  gold  being  carried  away  in  the 
form  of  fine  dust  with  the  steam  out  of  the  crucible.  Borax-glass 
is  to  be  recommended  instead  of  common  crystallized  borax. 

The  pulverizing-drum  has  proved  to  be  the  very  best  machine  for 
this  purpose;  since,  if  it  is  carefully  closed,  no  dusting  and  conse- 
quent loss  are  experienced. 
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3. — Melting. 
The  gold   is   now  metallic,  being  reduced  by  heat   in  roasting; 


Au2S3  +  heat  =  2Au  +  3S,  and  3S  +  60  =  3S02.  In  melting  the 
fluxed  and  roasted  sulphides  a  crucible  of  good  capacity,  and  yet 
easily  handled,  is  of  great  importance.    No.  100,  Dixon's  plumbago, 
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has  proved  a  suitable  size.  A  little  borax-glass  or  slag  is  first  put 
into  the  crucibles,  and  the  mixture  is  then  charged  from  the  drum 
into  the  crucibles,  each  of  which  is  filled  to  about  2  to  4  inches 
from  the  top,  and  a  covering  is  given  of  borax-glass  or  rich  slag  from 
previous  meltings,  which  will  prevent  loss  by  dusting  while  the  con- 
tents are  fusing.  The  crucibles  are  now  placed  in  the  furnace  with 
the  assistance  of  a  pair  of  blocks  and  tackles  and  a  basket-tongs.  A 
lid  is  placed  on  the  crucible,  and  the  steadily  increasing  temperature 
soon  fuses  the  contents  without  any  boiling  or  violent  action.  After 
fusion  the  heat  has  to  be  kept  at  very  high  temperature  for  some 
time,  to  effect  a  complete  collection  of  the  smaller  gold-globules. 
The  crucible  is  then  taken  out  and  quickly  poured  into  a  conical 
mould  of  suitable  capacity. 

4. — Bullion  and  Slag. 

The  bullion  separates  from  the  slag  in  conical  buttons.  Each 
crucible-melt  of  good  sulphides  produces  from  100  to  150  ounces 
of  bullion,  from  .800  to  .950  fine.  Arsenic,  antimony,  copper, 
platinum  and  silver  are  the  principal  impurities.  The  buttons  are 
remelted,  as  usual,  and  cast  into  a  bullion-mould  to  be  ready  for 
shipment. 

The  resulting  slags  are  still  comparatively  rich  in  gold.  They 
are  crushed  and  pulverized,  and  the  gold-shots  are  panned  out  and 
added  to  the  next  melting.  The  tailings  from  this  panning  are 
dried  and  mixed  with  the  slags  of  assays  from  the  assay-office,  or 
other  lead-containing  substances.  Metallic  iron  is  added,  and  the 
mixture  is  melted  in  crucibles  which  have  served  for  sulphide-melt- 
ings a  good  many  times  already,  but  are  considered  not  any  longer 
quite  as  sound  as  is  desired  for  this  most  important  operation.  The 
resulting  lead- bullion  is  cupelled,  yielding  the  remainder  of  the 
gold.  The  slags  resulting  from  this  second  melting  are  too  poor  to 
be  rehandled. 

5. — Losses. 

The  losses  in  refining  by  this  method  are  almost  entirely  mechan- 
ical, and  depend,  therefore,  to  a  great  extent  on  the  care  and  skill  of 
the  operator.  The  flue-dust  from  the  roasting-  as  well  as  the  melt- 
ing-furnaces has  been  assayed,  at  different  times,  after  continued 
operations,  but  has  shown  comparatively  little  gold.  There  is,  of 
course,  some  loss  by  volatilization  in  melting;   but  it  is  small,  and 
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only  noticeable  when  arsenic  or  antimony  is  present  in   large  quan- 
tity. 

I  have  once  observed  on  the  iron  cover  of  the  melting-furnace  a 
white  sublimate  of  arsenic,  which  showed  in  some  places  a  beautiful 
pink  color.  Some  of  this  pink  sublimate  was  carefully  gathered 
and  assayed,  and  proved  to  contain  considerable  gold.  Experience 
has  shown  me  that  this  loss  only  occurs  at  very  high  temperatures 
(above  the  melting-point  of  gold),  and  in  the  presence  of  a  large 
percentage  of  volatile  metals,  such  as  arsenic  and  antimony,  and  can 
be  avoided  altogether  by  careful  roasting  and  fluxing. 

6. — Appendix. 

The  chemical  fact  that  bromine  dissolves  and  extracts  gold  from 
ores  is  in  itself  nothing  new ;  but  that  several  thousand  tons  of 
gold-ore  have  been  treated  with  technical  as  well  as  financial  suc- 
cess, and  the  gold  has  been  extracted  not  less  easily — in  fact,  better 
and  more  cheaply — with  bromine  than  with  chlorine-solution,  is 
surely  worth  knowing. 

Last  year  the  Asiatic  cholera  invaded  Europe,  and  the  price  of 
chloride  of  lime  advanced  materially  in  consequence.  I  then  em- 
ployed bromine  instead  of  chloride  of  lime  and  sulphuric  acid,  and 
practiced  barrel  bromination,  at  the  Black  Hills  Works  in  Rapid 
City,  S.  D. 

The  cost  of  bromine  was  at  first  35  cents  per  pound,  but  we  re- 
ceived it  later  from  the  manufacturer,  on  contract,  for  26  cents  per 
pound.  One  to  one  and  a  half  pounds,  was  all  that  was  needed  per 
ton  of  ore  that  had  been  roasted  fairly  well.  On  well -roasted  ores, 
less  than  one  pound  was  quite  sufficient.  The  outlay  of  26  to  40 
cents  for  bromine  per  ton  of  ore,  compared  very  favorably  with  80 
cents  to  $1  for  chloride  of  lime  and  sulphuric  acid;  besides  which, 
the  handling  was  more  convenient,  and  the  extraction  was  from  50 
cents  to  $1  better  on  ore  that  was  not  roasted  as  well  as  it  ought  to 
have  been.  We  consequently  changed  altogether  over  to  bromination. 
Thousands  of  tons  have  been  brominated  since,  and  I  believe  we 
have  fully  demonstrated,  on  a  large  scale,  the  technical  and  financial 
practicability  of  this  branch  of  metallurgy.  The  methods  of  pre- 
cipitation with  the  H2S  and  S02,  and  the  refining  of  the  gold  sul- 
phides, as  described  above,  worked  as  well  on  bromine-solution  as  it 
had  done  before  on  chlorine-solution,  and  made  no  changes  of  plant 
necessary. 
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TEE  CEBBO  DE  PASCO  MINING  INDUSTRY. 

BY  OTTO  F.  PFORDTE,  JERSEY  CITY,  N.  J. 
(Virginia  Beach  Meeting,  February,  1894.) 

The  silver-ore-deposits  of  the  famous  district  of  Cerro  de  Pasco 
were  discovered  in  1630  by  Huari-Capcha,  an  Indian  shepherd. 
In  the  early  part  of  its  history,  the  district  yielded  enormous  riches. 
The  records  from  1784  to  1846  (excluding  five  years,  1821-25,  dur- 
ing which  civil  war  prevailed)  show  a  product  of  2,323,526  lbs.  of 
silver;  and  the  value  of  the  total  product  since  the  discovery  may 
be  estimated  at  about  $565,000,000. 

The  town  of  Cerro  de  Pasco  is  situated  in  the  province  of  the 
same  name,  department  of  Junin,  Peru,  14,250  feet  above  sea-level. 
The  nearest  railway  station  is  on  the  line  of  the  Callao  and  Cerro  de 
Pasco  R.R.,  at  a  distance  of  about  three  days'  travel  on  horseback. 
The  population  of  the  town  numbers  about  6000,  mostly  native 
Indians. 

3Iines. — The  mines  are  mainly  located  in  the  immediate  neighbor- 
hood of  the  town  and  partly  even  under  the  principal  streets,  being 
distributed  in  several  very  large  open  cuts  250  to  350  feet  deep 
called  tajos,  which  extend  in  a  nearly  direct  north  and  south  line 
west  of  the  town  and  are  known  as  Tajo  de  Santa  Rosa,  Tajo  Tingo 
or  Portachuelo,  Cajac  Grande,  Cajac  Chico,  Salsipuedes,  Avella 
Fuerte,  and  several  smaller  ones.  Tajo  de  Santa  Rosa,  the  largest 
and  most  southerly,  is  closely  connected  on  its  north  side  with  Tajo 
Tingo;  while  the  others  are  entirely  separate  and  lie  northward  in 
the  order  given  ;  the  extreme  ends  of  the  series  being  about  a  mile 
apart.  Besides  these,  there  are  Tajo  Descubridora  a  short  distance 
east  of  Sta.  Rosa  and  Tajo  Matagente,  about  half  a  mile  north  of  the 
main  plaza  in  the  town  of  Cerro  de  Pasco. 

The  argentiferous  deposit  consists  mainly  of  a  ferruginous  sand- 
stone, while  the  neighboring  country-rock  is  limestone,  conglomerate 
and  slate. 

The  judicial  fixed  point  from  which  all  mining  claims  are 
measured,  is  a  cross  erected  on  a  small  elevation  east  of,  and  between 
tajos  Sta.  Rosa  and  Tingo,  called  Santa  Cataliua,     This  important 
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point,  however,  has  not  escaped  displacement  on  account  of  the 
cavings  in  the  ground,  caused  by  the  neighboring  mines  which  have 
thus  produced  much  disorder  in  the  exact  boundary-lines  of  the 
claims  (pertenencias.) 

The  claims  in  the  tajos  are  30  by  60  varas  (1  vara  =  33  inches) 
in  size.  Those  not  located  in  the  tajos  are  100  by  200  varas.  The 
close  proximity  of  the  claims  and  the  general  disorder  underground 
are  causes  of  frequent  quarrels  and  litigation.  At  present  but  little 
ore  is  extracted  by  open  cuts  (tajo  abierto),  most  of  the  mines  being 
worked  by  means  of  small,  steep  and  irregular  inclines  of  which  one 
entrance  sometimes  serves  for  two  or  three  different  claims. 

The  workings  (labores)  are  very  irregular  and  often  dangerous,  as 
but  little  care  is  given  to  the  interior  of  the  mines,  except  in  very 
bad  ground,  where  small  timbers  (tineas)  and  stones  are  used  for 
support.     The  inclines  generally  receive  a  little  more  care. 

Whenever  a  richer  portion  of  ore  (bolsa,  literally,  a  purse)  is 
found,  all  the  ore  is  often  extracted  without  leaving  any  bridges  or 
pillars.  Hence  large  boulders  are  sometimes  seen  in  the  roofs, 
which  appear  to  be  on  the  verge  of  falling,  and  occasionally  do  fall 
unexpectedly,  so  that  accidents  in  the  mines  are  common  occur- 
rences. 

The  ores  are  extracted  by  means  of  picks,  and  then  broken  with 
sledges  to  such  a  size  that  they  can  be  placed  in  large  leather  sacks 
(capachos)  holding  from  75  to  150  pounds  each,  and  carried  out  to  the 
dump  (cancha).  In  places  where  the  ground  is  exceptionally  hard, 
drills  and  powder  or  dynamite  are  used.  Hoists  or  whims  are  not 
used,  all  the  ores  being  carried  to  the  surface  by  carriers  (apiris). 
After  the  ores  (metales)  have  been  deposited  on  the  dump  they  are 
separated  into  three  classes,  called  chaneados  (ores  spalled  to  a  uni- 
form size),  cernidos  (sifted  ores  remaining  on  a  J  or  f-iuch  screen), 
and  llampu  (the  fines  passing  the  screen).  The  last  class  contains 
but  two  mareos  (1  mareo  =  7.5  ounces)  of  silver  per  cajon  (6000 
pounds),  and  is  rejected.  The  first  and  second  classes  are  measured 
separately  in  rudely-constructed  boxes,  three  of  which  are  con- 
sidered as  a  cajon)  and  the  ore  is  ready  to  be  sold  to  the  amalga- 
mating-works  (haciendas). 

During  the  last  century  the  necessity  of  drainage  became  ap- 
parent, and  a  tunnel,  the  socabon  de  San  Judas  was  commenced  in 
1780  and  completed  in  1800.  It  is  3500  feet  long  and  cost  $100,000. 
Another  tunnel,  the  socabon  de  Quilacocha,  88  feet  below  the  former, 
was  started  in  1806,  and,  up  to  1852,  had  been  driven  8250  feet  at 
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a  cost  of  $1,000,000.  At  present,  its  total  length  is  about  2  miles. 
At  a  distance  of  one  mile  from  the  mouth,  it  separates  into  two 
branches,  aggregating  about  a  mile  in  length.  One  of  these 
branches  connects  with  the  Mesapata  shaft,  in  the  northern  part  of 
the  town. 

The  Rumillana  tunnel,  said  to  be  180  feet  below  the  preceding, 
or  400  feet  from  the  surface,  was  started  in  1877  ;  it  was  calculated 
to  be  2600  meters  long,  of  which  only  about  300  had  been  com- 
pleted when  work  was  stopped. 

(h'es  and  Assaying. — The  ores  of  the  district  from  which  by  far 
the  greatest  portion  of  the  silver  is  obtained,  are  oxidized  surface- 
ores,  called  pacos,  containing  some  silver  in  its  native  state.  By  long 
experience  the  miners  are  able  to  judge  the  quality  of  the  ore  by  its 
appearance,  though  often  the  differences  are  very  slight.  Frequently, 
lots  of  ore  are  purchased  by  the  mill-man  (haciendado)  without  any 
special  test,  he  being  guided  alone  by  the  looks  of  the  ore,  and  his 
previous  experience  with  it.  Pacos,  at  present,  vary  from  4  to  8 
ma?-cos  per  cajon.  Ores  having  less  than  4  marcos  are  worthless,  as 
4-marcos  ore  will  just  pay  expenses.  In  general,  the  ores  sold  con- 
tain from  5  to  6  marcos  per  cajon  of  silver  (say  12J  to  15  ounces  per 
ton). 

At  the  bottom  of  Tajo  Tingo,  a  large  bank  of  low-grade  iron  py- 
rites is  seen  ;  and  it  is  very  probable  that  pyrites  (bronce)  will  also 
be  found  in  the  deeper  workings  of  other  tajos.  These  sulphides 
are  so  low  in  value  that  they  cannot  be  worked  profitably  for  silver 
with  the  present  means,  but  are  utilized  in  the  manufacture  of  ma- 
gistral, when  they  contain  copper. 

In  the  southwestern  corner  of  Tajo  Sta.  Rosa,  one  mine  produces 
a  richer  class  of  iron  and  copper  pyrites,  and  also  gray  copper,  the 
ore  averaging  about  35  marcos  silver  per  cajon. 

In  Tajo  Matagente  cerussite  is  found  scattered  through  the  iron- 
oxide,  and  when  properly  separated  by  spalling  is  used  by  the 
smelters. 

In  some  of  the  older  mines,  and  in  the  Quilacocha  tunnel,  copper 
and  iron  sulphate  crystals  and  incrustations,  and  iron-oxide  incrus- 
tations are  common. 

Galena,  and  the  richer  sulphide  ores,  which  are  used  by  the 
smelters,  are  brought  from  mines  which  are  not  in  the  immediate 
neighborhood  of  the  town. 

Samples  are  taken  from  the  pacos  brought  to  the  dump  each  day, 
after  they  have  been  spalled  and  sifted  ;  all  the  samples  of  the  week, 
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or  of  a  lot,  are  then  reduced  and  quartered,  until  a  small  general 
sample  is  obtained,  which  is  ground  very  fine  on  a  stone  plate  (6a- 
tane  de  piedra)  for  the  final  test  (guia).  This  test,  which  is  merely  an 
amalgamation  on  a  small  scale,  is  used  throughout  the  district,  and 
is  conducted  as  follows: 

One  pound  of  the  finely  ground  pulp  is  moistened  ;  4  to  5  ounces 
of  salt  and  a  level  teaspoonful  of  magistral  (roasted  ore  containing 
copper  sulphate),  are  added  and  thoroughly  mixed  by  hand.  Then, 
2  adarmes  (each  equals  1.8  grammes)  of  mercury  are  added,  and 
again  mixed.  The  test  is  then  left  for  24  hours,  and  examined  by 
washing  a  small  portion  of  it  in  the  puruila,  a  shallow  earthen  plate 
about  7  inches  in  diameter.  In  case  too  much  magistral  has  been 
added,  the  test  runs  hot,  the  wash-water  becomes  milky,  and  a  little 
lime-water  may  be  added  as  a  remedy.  This  test  is  generally  run  a 
trifle  hot.  In  48  hours  it  is  completed,  the  pulp  is  carefully  washed 
in  the  puruna,  the  mercury  is  all  gathered,  and  the  amalgam  is  skil- 
fully separated  with  the  thumb. 

The  amalgam  and  the  mercury  are  then  either  weighed  separately 
or  merely  judged  by  the  volume  of  each.  If  the  small  globules 
of  amalgam  and  mercury  are  equal  in  size,  the  ore  contains  6  mai'cos 
per  cqjon  •  if  the  amalgam  is  one-half  the  size  of  the  mercury,  the 
ore  contains  5  marcos,  and  if  it  is  but  one-third,  the  ore  has  4  marcos 
at  most,  and  will  then  pay  expenses  only.  Ores  of  5  marcos  per 
cajon  are  worth  from  8  to  10  soles  (Peruvian  silver  dollars)  per  eajon 
at  the  mine,  and  6-mareos  ore  is  worth  up  to  15  soles. 

Transportation. — Ore  is  transported  from  mine  to  mill  with  llamas 
or  donkeys,  the  former  taking  100  pounds,  the  latter  200  to  300 
pounds  at  a  load.  If  the  mills  are  near  the  line  of  the  Cerro  de 
Pasco  Mineral  Railroad  (which  extends  from  the  Cerro  in  a  south- 
westerly direction  for  8  or  9  miles,  over  a  large  plain,  and  passes  by 
a  number  of  mills),  it  is  utilized  for  transportation,  and  the  ores  are 
then  taken  from  the  nearest  station  to  the  mill. 

Milk  and  Milling. — The  ores  are  amalgamated  by  the  patio  pro- 
cess in  some  sixty  to  seventy  mills,  most  of  which  are  at  a  distance 
from  the  mines,  and  may  be  divided  geographically  into  two  main 
groups.  The  first  is  composed  of  the  mills  situated  in  a  large  plain 
southwest  of  the  town,  beginning  at  the  lower  end  of  Quilacocha 
lake,  2h  miles  from  town,  and  extending  3  or  4  miles  beyond.  There 
are,  in  this  group,  20  to  25  mills,  of  which  many  have  easy  access  to 
the  railroad,  and  almost  all  take  their  water  from  Quilacocha  lake. 
The  other  group  is  distributed  along  the  Puca-Yaco  ravine,  begin- 
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ning  at  2  miles  northeast  of  the  town,  and  extending  down  toward 
Quinua  about  4  miles.  Quinua  is  7  to  8  miles  from  Cerro  de  Pasco, 
and  about  2400  ihct  lower,  and  contains  the  old   mint  which  is  now 
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Vertical  Section  of  an  Injenio  (Dimensions  in  millimeters). 


in  ruins.  There  are  in  this  ravine  28  mills  which  take  their  excel- 
lent water-power  from  the  brook  flowing  in  it.  The  ores  milled  are 
nearly  all  from  Cerro  de  Pasco,  only  a  few  of  the  lower  mills  taking 
ores  from  the  neighborhood  of  Quinua. 
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There  are  several  smaller  mills  on  the  road  to  Lima,  and  a  few 
in  the  immediate  vicinity  of  the  town,  among  the  latter  being  the 
largest  and  best-equipped  mill,  called  "  Hacienda  Esperanza,"  half 
a  mile  southwest  of  the  center  of  the  town. 

The  plant  which  constitutes  a  mill  or  hacienda  generally  consists 
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Vertical  Section  of  a  Tabladilla. 


of  a  ditch,  a  horizontal  water-wheel  and  Chilean  mill  combined, 
called  injenio  (Fig.  1),  pulp  and  slime-settling  tanks,  built  of  crude 
masonry,  a  number  of  amalgamating  patios  called  circos,  which  hold 
5  cajons  each.  For  continuous  operation,  each  injenio  requires  6 
circos,  3  of  which  are  emptied  and  recharged  each  month.  Sluices 
and  mercury-traps  are  attached  to  the  circos  (Fig.  3) ;  a  storehouse 
for  chemicals  and  tools,  an  amalgam-filter  and  mercury-trough  (Fig. 
4),  and  a  furnace  and  retort  for  distilling  amalgam  (Fig.  5).     The 
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smaller  mills  sometimes  lack  the  latter  and  use  those  of  their  neigh- 
bors. 

Fig.  3. 


Circos   (Dimensions  in  millimeters). 

The  size  of  the  mills  varies  from  one  to  twelve  injenios  with  the 
required  number  of  circos.  In  the  drawings,  Fig.  1  shows  the  ver- 
tical section  of  an  injenio,  which    makes  twelve    revolutions  per 
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minute,  and  grinds  1|  tons  of  ore  in  twenty-four  hours.  The  mill 
consists  of  a  vertical  shaft  called  peon,  the  upper  end  of  which  re- 
volves in  the  bearing  of  a  horizontal  cross-beam,  the  madre,  while 
the  lower  end  revolves  on  a  pivot  {goisori).  At  the  lower  part  of 
the  shaft  the  water-wheel  is  arranged  in  a  vault  (boveda).  The  upper 
portion  of  the  peon  contains  a  slot  for  allowing  a  vertical  sliding 
motion  to  a  bearing  of  the  mill-stone  pivot,  so  that  the  height  of  the 
bearing  can  adjust  itself  according  to  the  wear  of  the  mill-stones, 


Hg.  4. 


Manga  (Dimensions  in  millimeters). 


the  upper  one  of  which  is  called  voladera,  the  lower,  fixed  one  being 
the  solera.  When  a  voladera  has  been  worn  down  to  1.5-1.7  meters 
in  diameter,  it  is  further  utilized  as  a  solwa. 

The  tabladilla,  Fig.  2,  is  an  inverted  injenio  in  which  the  hori- 
zontal water-wheel  is  arranged  above  the  mill-stones.  It  is  rarely 
used.     Its  dimensions  are  about  the  same  as  those  of  Fig.  1. 

Fig.  3  represents  the  general  arrangement  of  the  circos,  of  which 
there  are  two  types,  one  having  a  crude  circular  wall  0.6  to  0.7  m. 
thick,  about  1.5  m.  high,  and  10.8  m.  iuside  diameter ;  while  in  the 
other  the  circos  are  built  in  a  square  mass  of  masonry,  as  shown  in 
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the  figure.  There  are  two  openings  in  each  circo,  one  for  charging 
the  pulp  and  admitting  the  animals ;  the  other,  a  small  hole  near  the 
floor,  through  which  the  pulp  or  raasa  is  discharged  into  the  capitana 
for  washing.     The  floor  of  the  circo  is  well  laid  with  flat  stones  and 
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Ketorting-Fumace  (Dimensions  in  millimeters). 

plastered  carefully  with  cement  to  avoid  losses  in  the  crevices.  In 
the  center  of  each  circo  a  low  cylindrical  stone,  the  templador,  is  fixed 
to  serve  as  a  stand  for  the  mule-driver. 

Fig.  4  shows  a  mercury-filter  (manga),  the  upper  part  of  which  is 
made  of  leather  sewed  to  an  iron  ring,  and  the  lower  part  of  canvas. 
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The  filtered  mercury  drops  into  the  hilca  made  of  raw  hide  and  held 
in  a  wooden  frame  below. 

Fig.  5  represents  a  retorting-furnace,  which  contains  a  tripod  set 
in  a  water-box.  The  pressed  amalgam-cakes  (quesos)  are  placed  upon 
the  tripod  ;  a  sheet-iron  cylindrical  cap  (caperuza)  is  lowered  so  that 
its  bottom  shall  be  a  trifle  below  the  surface  of  the  water  in  the  box  ; 
the  furnace  is  then  closed  with  strong  sheet-iron  and  temporary  ma- 
sonry, and  a  coal-fire  is  maintained  upon  the  grate  for  about  four 
hours  with  a  gradually  increasing  heat  until  no  more  mercury  is 
evaporated  ;  finally,  after  cooling,  the  furnace  is  opened,  the  retort- 
silver  (plata  pi'ia)  is  removed,  and  the  mercury  (azogue)  is  dipped 
from  the  tank  into  flasks. 

Exceptions  to  the  general  arrangement  described  above  are  found 
at  the  few  following  haciendas: 

Ai  Esperanza  there  are  twelve  injenios  and  eighty  circos  ;  a  steam- 
plant  that  has  been  in  use  for  twenty-five  years  produces  the  power, 
and  the  pulp  passes  directly  from  the  injenios  to  the  circos,  which  is 
a  great  advantage  in  saving  transportation.  This  hacienda  has  also 
a  good  repair-shop,  a  modern  retorting-apparatus,  and  several  im- 
portant coal-mines,  which  produce  good  coking  coal. 

At  the  Trinidad  mill,  the  first  one  in  the  Puca-Yaco  ravine,  a 
wooden  over-shot  water-wheel  is  used ;  and  at  the  Quiyapata  mill 
on  Lake  Quilacocha,  the  tabladilla  shown  in  Fig.  2  is  used. 

At  hacienda  Puca-Yaco,  the  second  mill  of  the  Puca-Yaco  ravine, 
a  modern  stamp-mill  of  ten  stamps,  weighing  450  to  500  pounds 
each,  has  been  erected.  The  ore  is  stamped  through  a  30-mesh 
screen  and  passes  into  eight  settling-tanks,  from  which  it  is  charged 
into  four  5-foot  amalgamating-pans,  and  from  these  discharged  into 
two  settlers.  There  is  also  a  small  clean-up  pan  and  a  modern  re- 
tort. Power  is  obtained  from  a  turbiue  having  50  to  60  feet  pres- 
sure. When  water  is  deficient,  a  steam-engine  is  used.  This  stamp- 
mill  is  not  used  now,  on  account  of  the  poor  results  it  has  given. 

Interruptions  of  work  in  the  Cerro  are  frequent,  and  mainly  due 
to  the  lack  of  water,  which  is  low  during  three  or  four  months  in 
the  year,  especially  in  those  mills  that  are  dependent  upon  the  water 
from  the  lakes.  Freshets  sometimes  destroy  the  dams  ;  the  replacing 
of  the  millstones  causes  delay ;  and  financial  difficulties  frequently 
produce  entire  suspension  of  the  work  in  poorer  mills. 

The  millstones  of  the  plain  are  of  fine  hard  granite  which  wears 
very  uniformly.  They  are  obtained  from  quarries  in  Cerro  Raco, 
an  isolated  mountain,  about  eight  miles  south  of  the  town.     Those 
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of  the  Puca-Yaco  ravine  are  quarried  near  the  bottom  of  the  ravine 
and  are  also  of  very  hard  rock,  but  develop,  in  wearing,  ridges  and 
hollows  in  the  working-face.  These,  however,  are  considered  as 
rather  advantageous  than  otherwise.  These  large  stones  are  trans- 
ported by  passing  a  round  stick  through  the  center  and  fixing  it  into 
a  rude  frame,  after  which  sixteen  to  twenty  oxen  are  hitched  to  the 
frame  and  the  stone  is  trundled  to  the  mill.  A  voladera  costs  about 
100  soles  at  the  quarry  (cantara)  and  125  soles  for  transportation. 

For  milling  the  ores  the  sluice  of  the  head-race  is  opened  and  the 
injenio  is  set  in  motion,  making  twelve  revolutions  per  minute. 
Water  is  allowed  to  flow  into  the  lower  mill-stone,  the  circumfer- 
ence of  which  is  dammed  up  a  few  inches  with  sods,  excepting  at  a 
discharge-opening.  The  ore  is  fed  gradually  by  a  laborer  and  the 
pulp  is  carried  to  the  settling  tanks  (cochas)  by  the  overflow,  from 
which  the  slimes  pass  into  other  tanks,  where  they  can  settle,  in  order 
to  receive  separate  treatment  subsequently  in  circos  ;  the  losses  from 
the  slimes  being  greater  than  from  the  pulp. 

When  one  of  the  tanks  is  full  the  water  is  drawn  off",  and  the  pulp 
is  allowed  to  dry  a  little  to  facilitate  transportation  to  the  circos 
which  is  done  in  leather  sacks  (capachos).  Thirty-five  heaps  of 
about  equal  size  are  formed  in  the  circo,  each  heap  containing  a 
certain  number  of  sack-loads.  This  is  the  only  method  of  measur- 
ing the  contents  of  the  circo,  which  when  charged  contains  five 
cajones  or  fifteen  tons.       Circos  of  four  or  six  cajones  are  rarely  used. 

The  small  pulp-heaps  are  then  levelled  over  the  floor  making  a 
tortilla;  40  arrobas  (1  arroba  =  25  pounds)  of  salt  are  added,  and 
eight  small  horses  are  driven  around  in  the  circle  and  thoroughly 
mix  up  the  charge,  the  driver  standing  on  the  elevated  central  tem- 
plador.  Then  15  to  30  pounds  of  magistral  are  scattered  on  the 
charge,  which  is  again  mixed  by  the  horses;  after  that  80  pounds  of 
mercury  are  finally  distributed  over  the  mass  (incorporar  la  masa) 
which  is  again  thoroughly  mixed. 

The  horses  are  then  introduced  and  driven  in  the  circo  for  one  and 
a  half  to  two  hours  every  eight  or  ten  days  until  at  the  end  of  two 
months  amalgamation  is  completed.  In  the  meantime,  however,  the 
charge  must  be  tested  carefully  by  washing  small  amounts  in  the 
purufia,  and  mercury  must  be  added  when  the  previous  charge  is 
absorbed,  until  finally  the  total  amount  added  is  230  pounds. 

If  the  charge  "goes  cold"  some  magistral  is  added,  and  if  too 
hot,  some  lime  or  lime-water. 

Two  months  after  charging,  the  entire  mass  is  gradually  shoveled 
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into  a  hemispherical  washing-trough  of  about  two  feet  diameter, 
called  capitana,  made  of  one  stone,  which  is  placed  in  front  of  the 
discharge  of  the  circo  so  that  one  capitana  serves  for  two  adjacent 
circos. 

Water  flows  into  the  trough;  an  intelligent,  strong  laborer  enters 
the  latter,  and  with  his  feet  mixes  the  pulp  and  water  so  as  to  cause 
the  amalgam  and  mercury  to  settle.  The  tailings  (relaves)  pass 
through  several  troughs  (the  connecting  channels  of  which  are  lined 
with  coarse  cloth)  and  a  mercury-trap,  and  are  finally  discharged,  but 
always  require  careful  testing  with  the  puruna.  There  is  generally  a 
small  loss  in  amalgam  floating  off;  and  in  some  mills,  Indians  re- 
wash  the  tailings  by  hand,  making  a  small  profit.  Finally  the  circo 
is  well  cleaned,  especially  in  the  crevices,  and  after  all  the  pulp  has 
been  washed  and  the  mercury  and  amalgam  have  been  cleaned  of 
sand  and  pebbles,  they  are  dipped  into  raw  hides  and  carried  to  the 
filter.  The  sluices  and  mercury  traps  are  also  cleaned  out  and  their 
product  is  added. 

Filtering  and  Retorting. — The  amalgam  is  then  filtered  off  in  a 
strong  canvas  filter  (manga),  which  is  suspended  over  a  raw-hide 
mercury  trough  (bilca),  and  the  filter  is  beaten  with  a  flat  stick  from 
one  to  two  hours,  to  press  out  all  the  mercury  possible.  The  amal- 
gam (pella)  is  then  taken  from  the  filter  and  pressed  into  cylindrical 
moulds  of  230  mm.  diameter,  the  height  of  each  separate  part  being 
varied  according  to  desire  by  placing  a  circular  sheet  of  paper  betwen 
the  consecutive  cakes.  It  is  then  taken  to  the  retort,  which  is  very 
simple  in  construction,  and  is  locally  known  as  cape  ruza  (see  Fig. 
5).  Generally  the  retort  is  charged  late  in  the  afternoon,  fired  up 
with  coal  for  three  or  four  hours  and  allowed  to  cool  until  morning 
when  the  retorted  silver  (queso)  is  extracted,  weighed,  marked,  and 
taken  to  the  government  refinery  (Casa  de  fund  id  on  de  barras)  in 
town,  or  sold  to  the  rescatador,  who  has  the  privilege  to  redistil 
[refogar)  the  retort-silver  before  purchase,  to  verify  its  weight.  The 
washing  of  the  pulp,  filtering  and  retorting  are  generally  done  about 
the  first  of  each  month,  and  the  refinery  is  operated  for  three  or  four 
days,  beginning  on  the  second  or  third  of  the  month. 

Refining. — In  the  refinery  the  retorts  are  received  and  weighed; 
names  and  weights  are  entered  iu  the  record,  and  each  lot  is  kept 
separate  if  it  is  sufficient  to  make  one  or  more  bars  {barras)  of  150 
pounds  or  300  marcos  each  ;  if  not,  the  owner  generally  sells  the 
difference  directly  to  a  rescatador.  In  the  refinery  the  furnace  has 
step-grates,  and  is  arranged   for  two  large  iron  crucibles,  holding 
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about  150  pounds  of  retort  each.  These  crucibles  are  suspended 
from  cranes  in  order  to  facilitate  the  manipulation.  The  fuel  is  a 
bituminous  shale,  found  near  the  town  and  costing  8  soles  per  ton. 
It  requires  about  seventy-five  to  eighty  minutes  to  melt  a  charge 
placed  in  a  hot  crucible.  The  melting  is  watched  through  small 
peep-holes  in  the  cover  of  the  furnace,  and  when  it  is  completed  the 
crucible  is  extracted  with  the  crane,  which  catches  under  two  lugs 
attached  to  the  outer  rim  of  the  crucible.  The  latter  is  then  set 
into  and  tightly  gripped  by  a  frame  having  a  vertical  toothed  quad- 
rant, which  is  acted  upon  by  a  worm-wheel  turned  by  hand,  whereby 
the  crucible  is  gradually  brought  into  a  horizontal  position,  thus 
pouring  the  molten  silver  uniformly  into  an  iron  mould  set 
beneath. 

Sprouting  is  prevented  by  scattering  a  handful  of  dry  straw  in 
each  mould  before  pouring,  and  some  more  straw  on  top  of  the  silver 
after  it  is  poured.  The  crucible  is  then  scraped  clean,  recharged,  and 
set  into  the  furnace.  After  the  silver  in  the  mould  has  solidified, 
it  is  dumped  upon  an  iron  plate  with  the  crane,  and  then  pulled  into 
a  water-trough  for  cooling,  after  which  it  is  withdrawn ;  the  rough 
edges  are  hammered  down ;  and  the  bar  is  weighed,  marked,  and  de- 
livered to  the  owner,  together  with  the  scrapings.  In  melting,  a 
loss  from  2  to  6  marcos  is  found  per  bar  on  its  retort  weight,  mainly 
due  to  the  mercury  contained  in  it.  Each  iron  crucible  will  stand 
about  40  meltings  before  it  becomes  useless. 

A  charge  of  2  cents  per  marco  must  be  paid  for  melting.  All  the 
silver  produced  in  the  district  must  pass  through  the  government 
refinery,  and  the  total  monthly  product  of  the  district  averages,  at 
present  (1890),  from  40  to  45  bars  of  about  150  pounds  or  300 
marcos  each,  by  far  the  largest  part  of  which  is  obtained  by  amal- 
gamation. 

Silver-Lead  Smelting. — This  is  carried  on  in  Cerro  de  Pasco  on  a 
small  scale,  exclusively  in  pachamanca  reverberatory  furnaces,  of 
which  a  description  and  sketch  will  be  found  in  Trans.,  xxi.,  27. 
There  are  four  of  these  old  furnaces  in  town,  but  only  two  or  three 
of  them  are  in  intermittent  operation.  The  fuel  used  is  coal,  bitu- 
minous shale,  and  taquia  (dried  llama-dung).  The  number  of  me- 
dium-sized slag-dumps  seems  to  show  that  smelting  was  more  flour- 
ishing in  former  times,  when  the  ores  were  richer.  As  lead  has  no 
commercial  value  at  the  Cerro,  it  is  allowed  to  run  into  the  slag  or 
litharge,  and  is  used  again  in  smelting  siliceous  charges. 

There  are  several  establishments  in  town  for  the  production  of 
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magistral,  which  is  made  by  calcining  iron  and  copper  pyrites  to  a 
dead  roast  in  a  reverberatory  furnace. 

A  small  leaching-plant  has  also  been  erected  in  town,  but  its  re- 
sults were  unsatisfactory. 

Labor,  General  Resources,  and  Finance. — Labor  at  the  mines  and 
mills  is  almost  entirely  done  by  native  Indians  (peons),  and,  when- 
ever possible,  it  is  done  by  contract,  so  that  a  man  can  earn  a  little 
more  than  at  day's  wages,  which  average  from  50  to  60  cents  per 
day. 

One  of  the  difficulties  with  the  peons  is  their  great  fondness  for 
alcoholic  stimulants,  which  is  generally  indulged  toward  the  end  of 
the  week  by  consuming  large  quantities  of  chacta,  a  liquid  distilled 
from  the  juice  of  the  sugar-cane.  Hence,  but  little  work  is  done  on 
Fridays  and  Saturdays.  The  natural  resources  of  the  town,  except- 
ing the  mines,  are  very  scanty.  In  the  neighborhood  good  coking- 
coal  and  bituminous  shale  are  found  ;  at  Quinua,  there  are  strata  of 
bituminous  shale,  and  also  limestone  formations  deposited  by  hot 
springs.  Sheep-  and  cattle-raising  is  carried  on  largely  in  the  plain 
of  Lake  Junin,  10  to  12  miles  distant,  while  the  lake  presents  ex- 
cellent opportunities  for  hunting  geese  and  ducks.  At  the  foot  of 
the  Puca-Yaco  ravine,  7  to  8  miles  distant  from  town,  and  2400 
feet  lower,  a  good  agricultural  region  is  found  in  a  long  but  narrow 
valley  called  Quebrada  de  Quinua,  where  almost  every  available 
spot  of  soil  is  utilized.  The  valley  contains  the  agricultural  villages 
of  Quinua  (11,800  feet  above  sea-level),  Cajamarquilla  (11,400  feet), 
Malanchac  (10,800  feet),  and  Huariaca  (97.00  feet).  Jarria  (11,700 
feet)  is  situated  in  a  side- valley,  a  day's  travel  from  town,  which  pro- 
duces excellent  potatoes.  The  climate  in  these  valleys  is  very  mild 
and  warm  when  compared  with  that  of  the  Cerro. 

Wood  for  fuel  is  brought  from  the  neighboring  valleys,  while  that 
used  for  building  must  be  brought  from  a  greater  distance. 

Salt  for  amalgamation  is  brought  from  the  great  salt-mine  San 
Bias,  one  day's  travel  from  the  Cerro.  The  price  of  the  salt  varies 
from  1.40  to  2.20  soles  per  100  pounds,  and,  as  there  is  no  compe- 
tition excepting  that  of  sea-salt,  which  takes  6  to  7  days  to  reach  the 
Cerro  from  Huacho,  the  owner  of  the  San  Bias  mines  makes  his 
own  prices,  and  has  all  of  the  Cerro  amalgamators  under  his  thumb. 

As  already  remarked,  the  millstones  of  very  fine  granite  (ala  de 
mosca)  are  made  in  the  Cerro  Raco,  8  miles  south  of  the  town,  some 
also  being  made  in  the  Puca-Yaco  ravine. 

All  other  articles  of  convenience  or  necessity  must  be  brought 
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from  the  coast  with  the  exception  of  such  as  skilled  artisans  can 
make  from  the  materials  on  hand.  This  exception  includes  silver- 
ware, goods  made  of  leather,  and  the  product  of  spinning  and  weav- 
ing. The  Indians  make  all  their  own  cloth  from  sheep  or  alpaca 
wool. 

The  financial  system  is  very  disadvantageous,  especially  to  the 
poorer  mill-owners,  if  they  are  obliged,  as  most  of  them  are,  to  have 
recourse  to  the  money-lender  (habilitador),  who  advances  money  at 
a  high  rate  of  interest,  and  to  whom  the  amalgamator  is  obliged  to 
turn  over  his  entire  product,  receiving  10,  20,  and  even  30  cents  less 
per  marco  for  his  silver.  It  is  not  uncommon  that  some  mill-owners 
are  constantly  in  debt,  and  perhaps  finally  lose  their  mills. 

Literature. — Further  information  concerning  the  topography  and 
geology  of  the  Cerro  de  Pasco  may  be  found  in  the  paper  by  Mr. 
A.  D.  Hodges,  Jr.,  on  that  subject,  Trans.,  xvi.,  729.  The  Eng. 
and  Min.  Journal  of  Dec.  21, 1878,  contains  a  fairly  good  local  map, 
and  a  number  of  views  of  the  country.  A  very  elaborate,  though 
now  somewhat  antiquated  description  and  history  is  given  in  De 
Rivero's  Memorias  Cientificas,  vol.  i.,  Brussels,  1857. 


THE  FRANKLINITEDEPOS1TS  OF  MINE  HILL,  SUSSEX 
COUNTY,  NEW  JERSEY* 

BY  FRANK  L.   NASON,   NEW  BRUNSWICK,    N.    J. 
(Virginia  Beach  Meeting,  February,  1894.) 

Recent  explorations  with  a  diamond-drill,  originated  and  con- 
ducted by  Mr.  J.  A.  Van  Mater,  Superintendent  of  the  Lehigh  Zinc 
and  Iron  Company,  have  revealed  some  very  important  geological 
facts,  which,  it  is  believed,  will  be  of  special  practical  interest  to 
mining  engineers.  During  these  explorations  the  writer  was  fre- 
quently called  in  consultation,  and  hence  the  facts  here  recorded  are 
almost  entirely  the  results  of  personal  observation. 

The  franklinite-deposit  upon  which  the  explorations  were  con- 
ducted has  a  long  continuous  outcrop.  Figs.  1,  2  and  3  give  a 
map   and    sections.      Beginning   at   the   extreme   southern    point, 

*  This  mine  is  at  Franklin  Furnace,  in  Hardjston  township,  2  miles  north  of  a 
nearly  similar  deposit  at  Stirling  Hill.  Both  deposits  are  on  the  line  of  the  New 
York,  Susquehanna  and  "Western  Railroad,  67  miles  from  New  York  city. 
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known  as  the  southwest  opening  (see  Fig.  1,  a)*  the  outcrop  strikes 
N.  16°  E.  for  '2970  feet,  where  it  disappears  from  the  surface. 
Again  starting  from  the  southwest  opening,  a  shorter  outcrop,  con- 
tinuous with  the  first,  runs  N.  53°  E.  for  480  feet,  when  it  also 
disappears  from  the  surface  (at  c,  Fig.  1).  At  the  point  of  its  dis- 
appearance a  trap  dike  of  mica-diabase  cuts  across  the  ore-body,  and 
extends  nearly  east  and  west  for  a  long  distance  on  either  side  of 
both  outcrops  (see  Fig.  1,  d,  e). 

When  the  ore-body  was  worked  on  this  shorter  arm  the  ore  was 
taken  from  an  open  cut  up  to  the  dike.  For  a  long  time  it  was  sup- 
posed that  the  dike  was  the  terminus  of  the  ore  in  this  direction. 
An  opening  was  finally  driven  through  the  dike,  and  ore  was  again 
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struck  within  a  distance  of  20  feet.  The  removal  of  the  ore  was 
then  begun  from  behind  the  dike,  and  it  was  found  that  the  ore  in- 
stead of  coming  again  to  the  surface,  pitched  underground  at  an 
angle  of  27°  to  30°.  At  the  present  time  the  ore-body  has  been 
mined  out  on  this  slope  for  a  distance  of  over  300  feet.  The  height 
from  the  slope  to  the  roof  of  the  mine  is  about  90  feet.  The  ore 
has  been  mined  out  clean  with  no  pillars  or  timbers.  There  is 
practically  no  foot-wall  to  the  mine,  the  bed  standing  vertically. 
The  country-rock  on  either  side  slopes  at  a  slight  angle  toward  the 
ore-body  for  a  distance,  then,  converging  more  rapidly  toward  the 
top,  meets  in  the  form  of  a  hyperbolic  arch  directly  overhead.  (For 
the  shape  of  this  arch  see  Fig.  2,  north  chamber  of  Taylor  mine.) 

*  The  drawings  for  this  paper  were  made  by  Mr.  E.  K.  Painter  and  Mrs.  F.  L. 

Nason. 
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With  the  exception  of  a  small  lot  of  ore  previously  taken  from 
the  southwest  opening,  the  removal  of  the  ore  from  the  open  cut  and 
the  opening  into  the  chamber  north  of  the  trap-dike  was  the  only 
development  work  done  on  South  Mine  Hill  prior  to  the  late  ex- 
ploration. Nothing  was  practically  known  of  the  front  vein  (see 
Fig.  1,  a,  &).*  In  1877  a  lease  of  500  feet  of  the  front  vein  on  North 
Mine  Hill  was  taken  by  Mr.  Charles  W.  Trotter,  of  Brooklyn.  The 
dividing-line  of  the  hill  was  east  and  west,  about  midway  between 
the  points,  a  and  6,  Fig.  1.  Here  the  deposit  is  much  narrower 
and  leaner  than  on  the  back  vein.  Mining  operations  were  begun 
here  shortly  after.  Shafts  were  sunk  on  the  vein  by  Mr.  Trotter ; 
and,  still  further  north,  other  shafts  were  sunk  by  the  (then)  New 
Jersey  Zinc  Company  to  depths  ranging  from  80  to  180  feet.     At 
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the  present  time  the  Trotter  mine  is  worked  by  the  Lehigh  Zinc 
and  Iron  Company,  which  has  two  shafts  now  in  working  order. 
Shaft  No.  1  is  sunk  on  the  slope  of  the  deposit  to  a  depth  of  400 
feet  j  and  Shaft  No.  4  to  500  feet.  These  shafts  show  that  the  ore- 
body  slopes  or  dips  to  the  S.E.  at  an  angle  varying  from  55°  to  60°. 
At  the  400-foot  level  of  the  Trotter  mine  a  diamond-drill  hole  in 
the  foot-wall  showed  the  width  of  the  deposit  from  the  foot  to  the 
hanging-wail  to  be  upwards  of  50  feet.     The  greater  part  of  the  ore- 


*  About  1872,  Congress  ordered  the  preparation  of  official  standards  of  weights 
and  measures,  and  at  the  request  of  Colonel  Fowler,  a  Representative  from  New 
Jersey,  and  owner  of  this  property,  the  necessary  zinc  for  the  alloy  was  taken  from 
this  front-vein  outcrop.  The  opening,  which  has  not  been  touched  since,  is  still 
visible,  and  goes  by  the  name  of  "  Weights  and  Measures"  (see  Fig.  3). 
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body  is,  however,  too  lean  to  be  worked  profitably.  Though  the 
ore-body  is  leaner  in  the  workings  at  Nbrth  Mine  Hill,  there  are, 
even  at  the  depth  of  500  feet,  no  signs  of  exhaustion,  and  there  are 
reasons,  which  will  be  pointed  out  later,  for  believing  that  the  ore- 
body  will  improve  with  increased  depth. 

Returning  to  the  back  vein  :  about  the  year  1888,  at  the  sugges- 
tion of  Dr.  George  H.  Cook,  a  cross-cut  was  run  from  the  lower 
level  of  the  Taylor  mine  (see  Fig.  3)  to  the  foot-wall  of  the  front 
vein.  The  main  part  of  the  cross-cut  was  in  ore,  but  about  mid- 
way between  the  ends  the  upper  part  of  the  drift,  for  50  feet  or 
more,  cut  through  the  ore-body  and  into  the  limestone  forming  the 
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immediate  country-rock.  Previous  to  the  running  of  this  cross-cut 
it  had  been  popularly  supposed  that  there  were  two  distinct  and  in- 
dependent deposits  at  Mine  Hill,  called  the  back  and  front  veins. 
Geologists,  however  (Dr.  Cook  especially),  held  the  opinion  that  the 
two  beds  were  in  reality  one  and  the  same,  and  that  the  back  vein 
(see  Fig.  1,  a,  c)  was  but  the  folded  eastern  edge  of  the  body  having 
the  longer  outcrop.  Among  the  facts  leading  to  this  conclusion  on 
the  part  of  geologists,  the  relative  widths  of  the  two  beds  stood  out 
prominently.  At  the  southwest  opening,  the  distance  across  the 
opening,  which  represents  the  ore  taken  out,  is  75  feet.  The  entire 
distance  from  wall  to  wall,  including  lean  ore,  is  upwards  of  100 
feet. 

The  average  width  of  the  outcrop  on  South  Mine  Hill  is  about  35 
feet,  though  it  reaches  40  feet  in  places.  The  width  of  the  deposit 
in  the  chamber  (see  Fig.  2,  e,f,)  is  70  feet.  The  distance  between 
the  walls  of  the  open  cut  is  likewise  about  70  feet.     Taking  the  fact 
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that  the  back  vein  was  just  twice  the  average  width  of  the  front 
vein,  in  connection  with  the  beautiful  arch  in  the  north  chamber, 
the  idea  suggested  itself  that  the  back  vein  was  a  collapsed  anticlinal 
fold  of  the  eastern  edge  of  the  deposit. 

The  fact  that  the  southwest  opening  seemed  to  lie  in  a  trough- 
shaped  depression  suggested  the  idea  that  the  front  and  back  veins 
were  connected  by  an  underground  synclinal  trough.  This  induced 
Dr.  Cook  to  have  the  cross-cut  driven,  which  is  shown  in  Fig.  3. 
The  completion  of  the  cut  is  regarded  as  establishing  the  view  that 
the  apparently  two  veins  or  beds  were,  in  reality,  but  one.  The  bed 
has  been  folded  first  into  a  synclinal  trough,  and  second,  its  eastern 
edge  was  folded  into  a  collapsed  or  compressed  anticline.  The  rela- 
tions of  these  two  folds  is  shown  in  cross-section,  Fig.  2,  where  the 
synclinal  trough  is  marked  by  S,  the  anticlinal  fold  by  A.  When  it 
was  found  that  the  back  vein  extended  beyond  the  trap-dike,  and 
before  the  significance  of  the  steep  pitch  to  the  N.E.  was  fully  un- 
derstood, it  was  expected  that  the  ore-body  would  again  appear  either 
at  or  near  the  surface  on  the  line  of  strike.  Search  was  made,  but 
attempts  to  find  the  outcrop  were  unsuccessful.  Long  costeaning- 
trenches  were  dug,  at  right  angles  to  the  line  of  strike,  down  to  the 
underlying  rock,  but  no  traces  of  ore  were  found.  Shallow  pits  (the 
deepest  being  only  50  feet)  were  dug  in  the  white  limestone,  and 
afterwards  a  shaft  was  sunk  to  the  depth  of  180  feet.  It  went  all 
the  way  in  white  limestone,  showing  no  traces  of  ore  save  a  little 
magnetite.  The  full  significance  of  the  pitch  was  not  understood. 
As  a  matter  of  fact,  if  either  the  pits  or  the  more  pretentious  shaft 
had  been  carried  to  the  proper  depths,  all  would  have  struck  the 
deposit  sought  for.  A  very  simple  calculation  would  have  convinced 
the  prospectors  that  it  was  useless  to  look  for  ore  at  a  less  depth 
than  300  to  600  feet. 

In  1888,  or  1889,  a  diamond-drill  hole  was  put  down  by  the  New 
Jersey  Zinc  and  Iron  Company,  about  600  feet  north  of  the  trap- 
dike.  The  drill  was  set  at  an  angle  of  30°  to  the  surface,  or  at  (cal- 
culated) right-angles  to  the  dip  of  the  front  vein ;  and  it  struck  the 
ore,  passed  through  the  limestone  foot-wall,  and  the  bed  of  magnetite 
which  underlies  the  limestone  formation,  and  was  stopped  in  the 
gneissic  rock,  1100  feet  from  the  starting  point.  This  drill  trav- 
ersed only  one  bed  of  zinc-ore.  It  evidently  passed  over  the  crest 
of  the  anticlinal  fold  in  the  back  vein.  It  did  nothing  more,  there- 
fore, than  to  prove  the  extension  downward  of  the  front  vein,  at  a 
point  south  of  the  No.  1  shaft  in  the  Trotter  mine. 


126      FRANKLINITE-DEPOSITS   OF    MINE    HILL,    SUSSEX    CO.,    ST.    J. 

In  1890,  the  first  intelligent  prospecting  was  begun  by  Mr.  J.  A. 
Van  Mater,  for  the  Lehigh  Zinc  and  Iron  Company.  Mr.  Van 
Mater  [had  been  connected  with  the  deposits  on  North  Mine  Hill 
since  about  1882.  Though  not  a  trained  geologist,  he  has  been  a 
close  observer  of  the  position  of  the  ore-body  in  the  limestone,  and 
its  general  appearance  as  disclosed  by  the  mining  operations  of  both 
the  New  Jersey  and  Lehigh  companies.  His  observations  led  him 
to  the  conclusion  that  the  richer  part  of  the  ore-body  lay  to  the  east  of 
the  Trotter  mine,  and  that  the  Trotter  mine  itself  was  but  the  leaner 
western  part  of  the  main  ore-body.  He  was  also  the  first  to  put  into 
practical  form  the  significance  of  the  pitch  of  the  back  vein.  From 
the  size  of  this  vein,  he  concluded  that  it  could  not,  necessarily,  be 
expected  to  pinch  out  at  a  less  distance  than  the  leaner  outcrop 
at  the  north  end  of  the  front  vein. 

The  writer  frequently  discussed  this  question  with  Mr.  Van  Mater, 
but  was  not  called  in  official  consultation  until  several  of  the  drill- 
holes had  been  put  down.*  The  first  drill-hole  was  located  1975 
feet  from  the  trap-dike,  where  the  ore  on  the  back  vein  disappears. 
At  a  depth  of  947  feet  the  ore  was  struck.  The  drill  continued  in 
ore  for  26  feet.  The  hole  was  carried  to  a  depth  of  1378  feet,  and 
was  abandoned  when  it  entered  the  gneissic  rock.  At  1100  feet,  it 
had  passed  through  13  feet  of  magnetite. 

The  drill  was  then  moved  50  feet  east,  and  a  hole  was  again  car- 
ried down  to  the  gneissic  rock,  which  was  struck  at  1244  feet.  Much 
to  the  surprise  of  the  drillers,  no  ore  was  struck  in  this  hole.  The 
drill  was  then  moved  25  feet  to  the  west,  a  point  midway  between 
holes  No.  1  and  No.  2.  The  hole  was  carried  to  a  depth  of  1095 
feet.  Magnetite  was  struck  at  1069  feet  and  1085  feet,  but  no  frank- 
linite  ore. 

Bore-hole  No.  4  was  then  started  a  little  north,  and  about  25  feet 
west,  of  No.  1.  A  sand  seam  was  encountered  at  328  feet.  The 
drill  was  carelessly  stopped  by  one  of  the  workmen  who  was  tending 
it.  The  consequence  was  that,  before  the  head  driller  could  be  sum- 
moned, sand  packed  in  around  the  rod  and  bit,  and  100  or  200  feet 
of  the  rod  was  lost. 

Drill-hole  No.  5  was  started  at  nearly  the  same  spot,  and  was  car- 
ried to  a  depth  of  1112  feet.     Ore  was  struck  at  a  depth  of  890  feet 

*  It  may  not  be  out  of  place  to  say  here,  that  the  writer  was  connected  with  the 
Geological  Survey  of  New  Jersey,  as  assistant  geologist,  for  three  years,  and  hence 
had  ample  opportunity  to  study  the  geology  of  this  deposit.  It  was  with  regard  to 
the  geological  aspects  of  the  case  that  he  was  consulted. 
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and  left  behind  at  1015  feet,  giving  a  thickness  of  125  feet  all  told. 
Bore-hole  No.  6  was  started  at  a  point  300  feet  from  No.  1,  and  about 
75  feet  further  to  the  west.  It  was  carried  to  a  depth  of  1083  feet. 
At  937  feet  ore  was  struck,  and  proved  to  be  108  feet  thick.  In 
both  of  the  above  holes  magnetite  was  struck  under  the  franklin- 
ite-bed. 

Bore-hole  No.  7  failed  to  strike  the  ore-body  sought  for,  though 
put  down  to  a  depth  of  1327  feet.  Magnetite  was  found  as  usual. 
Bore-hole  No.  8  was  begun  February  24,  1891,  at  a  point  500  feet 


Fig.  4. 


THE    FRANKLINITE    ORE    BODY 

Rot  to  scalfl. 


1,  2,  3,  Trap  dike;  4,  Pillar  of  ore;  5,  Lean  ore  left  standing;  6  and  7,  Floor  of 
open-cut,  Taylor  or  Buckwheat  mine;  8-9,  Slope  parallel  with  pitch  of  ore-body, 
and  90  feet  from  roof;  10,  Lean  ore  left  standing  ;  6,  Point  where  back  vein  disap- 
pears under  the  surface ;  s,  Standpoint  of  observer. 

from  No.  1,  and  in  line  with  it,  but  a  little  west.  Drilling  was 
stopped  after  a  depth  of  1180  feet  had  been  reached.  The  deposit 
was  struck  at  1009  feet  and  135  feet  of  vein  matter,  77  feet  of  which 
was  good  ore,  was  traversed.  Magnetite  was  also  found  under  the 
bed  of  franklinite,  showing  that  the  bed  outcropping  on  the  surface 
under  the  franklinite  is  very  persistent.  Unfortunately,  this  bed  of 
iron  is  too  thin  to  be  worked. 

The  results  of  these  holes  were  considered  to  be  favorable  enough 
to  warrant  the  sinking  of  a  shaft.  Work  was  soon  after  begun,  and 
a  fine  shaft,  10  by  20  feet  in  size,  has  already  been  carried  down  to  a 
depth  of  700  feet.     It  is  proposed  to  sink  it  to  1100  feet. 

From  these  borings  the  general  shape  of  the  ore- body  is  thought 
to  be  proved.  This  shape  is  roughly  shown  in  Fig.  4.  From  this 
figure  it  will  be  seen  that  the  anticlinal  fold  continues  from  the  trap- 
dike  to  at  least  as  far  as  bore-hole  No.  8,  and  that,  of  course,  the  syn- 
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clinal  trough  follows  a  little  to  the  west.  Another  point  appears  to 
be  true,  to  wit,  the  compression  of  neither  the  anticlinal  nor  of  the 
synclinal  fold  seems  to  be  so  acute  at  the  north  as  at  the  south  end  of 
the  hill. 

It  will  be  remembered  that  the  strike  of  the  back  vein  is 
N.  53°  E.  This  strike  would  carry  the  ore-body  along  the  line  ex, 
Fig.  1.  In  fact,  drill-hole  No.  1  was  put  down  100  feet,  and  No.  8 
300  feet,  west  of  this  line.  When  it  is  recalled  that  No.  1  passed 
through  only  26  feet  of  ore  and  that  at  25  and  50  feet  east  the  drills 
missed  the  ore  altogether,  it  is  easy  to  draw  the  conclusion  that  from 
the  point  c,  Fig.  1,  the  ore-body,  as  represented  by  the  anticlinal 
fold,  curves  to  the  west.  That  the  fold  preserves  much  the  same 
shape,  where  the  borings  are  made,  as  is  proved  at  the  Taylor  mine, 
is  shown  by  the  fact  that  No.  2  showed  no  ore;  No.  1,  25  feet  west, 
showed  26  feet;  and  No.  5,  about  25  feet  west  of  No.  1,  showed  125 
feet  of  ore.  No.  8  is  a  little  further  west,  and  shows  135  feet 
of  ore. 

It  will  appear  from  the  workings  in  the  mines,  briefly  described  as 
the  Taylor,  at  South  Mine  Hill,  and  the  Trotter,  at  North  Mine  Hill, 
and  from  the  development  of  the  drill-holes,  that  this  is  one  of  the 
largest  mineral  deposits  in  this  section  of  the  United  States.  In  fact, 
in  point  of  size,  it  will  compare  very  favorably  with  any  of  the  mines 
in  the  whole  country.  The  width  of  the  bed,  reduced  to  a  plane,  at 
the  southwest  opening,  is  about  100  feet.  Following  down  the  slope 
of  the  front  vein,  west  of  the  chamber,  then  rising  up  the  west  slope  of 
the  anticlinal  fold,  aud  then  down  the  eastern  slope,  the  folds  reduced 
to  a  plane  would  be  at  least  750  feet  across.  From  the  Trotter  mine 
east  to  No.  1  bore-hole,  reducing  the  ore-body  to  a  plane  as  before, 
the  width  is  about  1800  feet.  In  other  words,  if  the  ore-body  were 
flattened  out,  it  would  have  an  average  width  of  at  least  800  feet. 
The  average  thickness  of  the  ore-body  at  the  fold  in  the  Taylor  mine 
is  35  feet.  (The  width  across  the  fold  is  70  feet,  or  double  the  true 
thickness  of  the  bed.)  At  the  outcrop  of  the  Trotter  mine  the  bed, 
from  foot  to  hanging- wall,  averages  15  feet. 

The  average  thickness  of  the  bed  is,  therefore,  at  least,  25  feet. 
The  length  of  the  bed  from  the  southwest  opening  to  the  extreme 
northern  outcrop  is  2900  feet.  The  continuation  of  the  longer  axis 
under  ground  at  an  angle  of  about  27°  will  add  materially  to  this 
length.  From  the  thickness  of  the  bed  at  the  last  drill-hole,  it  seems 
to  be  safe  to  assume  that  the  ore-body  extends  at  least  600  feet 
farther  to  the  north,  making  the  total  length,  so  far  as  can  be  judged, 
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about  3500  feet.  The  bed,  then,  as  known  at  present,  is  3500  feet 
long,  800  feet  wide  and  25  feet  thick.  These  figures  are  not  given 
as  demonstrated,  but  the  deposit  is  certainly  a  large  one,  and  the 
writer  believes  that  the  area  covered  by  the  ore-body  is  rather  under- 
than  over-estimated.  To  say,  however,  that  all  the  material  from 
margin  to  margin  and  from  foot-  to  hanging-wall  is  workable  ore,  is 
another  matter  altogether.  In  places,  the  ore-body  in  the  Trotter 
mine  is  sadly  interfered  with  by  intrusive  granites,  and  often  the 
ore-body  is  cut  out  altogether.  In  the  Taylor  mine  the  only  erup- 
tive rock  encountered  has  been  the  trap  dike.  The  white  limestones 
which  form  both  the  immediate*  foot-  and  the  hanging-wall  are  in 
many  places  filled  with  intrusive  sheets  of  granite  as  well  as  bosses 
and  tongues  from  large  masses.  It  can  hardly  be  expected  that  the 
great  unexplored  area,  covering  practically  the  whole  synclinal 
trough,  will  be  exempt  from  these  troublesome  disturbances.  In 
opposition  to  this  rather  pessimistic  view,  it  can  be  stated,  that  though 
all  of  the  drill-holes  encountered  granite  in  the  limestone,  none  was 
certainly  struck  in  the  ore-body,  though  there  were  some  rather 
suspicious  signs.  In  bore-hole  No.  5,  considerable  garnet  was 
brought  up  in  the  cores.  At  the  Trotter  mine,  this  mineral,  and 
others  of  a  like  nature,  are  sure  signs  of  the  proximity  of  a  granite 
dike.  In  bore-hole  No.  6,  granite  lay  directly  on  top  of  the  ore, 
and  both  garnet  and  feldspar  were  found  in  the  ore-body.  In  bore- 
hole No.  8,  feldspar  and  garnet  were  several  times  encountered, 
from  the  time  ore  was  struck  at  1009  feet  to  1109  feet.  From  1109 
feet,  though,  to  1144  feet,  where  the  drill  left  the  ore,  granite  was 
frequently  encountered.  This  was,  however,  in  the  leaner  part  of 
the  ore-body.  It  is  more  than  likely,  therefore,  that  this  trouble- 
some rock  will  be  found  intruded  into  the  vein-matter,  and  will 
make  more  or  less  trouble  for  the  miner. 

The  outcome  of  the  recent  prospecting  undertaken  on  this  prop- 
erty has  been  eminently  successful,  although  previous  attempts  in 
the  same  direction  were  complete  failures.  The  factor  which  deter- 
mined the  success  of  the  later  attempts  was  not  blind  luck  nor  obsti- 
nate perseverance,  but  simply  a  greater  mastery  of  the  elements  of 
the  problem. 

After  all,  these  conditions  were  comparatively  simple.     The  south- 

*  The  term,  immediate  foot-wall,  is  used  because  only  10  to  20  feet  of  limestone 
separates  the  ore-body  from  the  Archaean  gneiss  at  the  outcrop.     The  deposit  itself 
lies  in  the  metamorphosed   white  limestone,  formerly  believed  to   be  Archaean, 
making  the  franklinite-deposit  to  be  Cambrian  in  age. 
VOL.  xxiv. — 9 
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east  direction  and  the  angle  of  the  dip  of  the  front  vein  were  known. 
After  breaking  through  the  trap  dike,  the  pitch  of  the  fold  to  the 
northeast  and  its  angle  were  known.  In  the  light  of  these  facts 
alone  it  was  folly  to  expect  to  find  the  disappearing  ore-body  in  the 
shallow  pits,  which  were  put  down.  Doubtless,  more  money  was 
spent  in  these  futile  and  scattered  efforts  than  in  all  the  subsequent 
prospecting  with  the  diamond  drill.  The  one  series  of  efforts  was 
made  in  the  ordinary  happy-go-lucky  style;  the  other  was  a  care- 
fully laid  plan  made  after  thorough  study. 


THE  TORSIONAL  THEORY  OF  JOINTS. 

BY  GEORGE  F.    BECKER,   WASHINGTON,    D.    C 

(Virginia  Beach  Meeting,  February,  1894.) 

Complexity  of  Rock- Fractures. — The  strains  to  which  rocks  have 
been  subjected  are  manifestly  very  complex,  and  it  is  entirely  safe 
to  presume  that  every  possible  mode  of  deformation  and  rupture  is 
exemplified.  The  most  superficial  inspection  of  any  ordinary  moun- 
tain region  is  sufficient  to  assure  the  observer  that  the  rocks  have 
been  pressed,  stretched,  bent,  buckled,  twisted,  and  shorn.  The 
study  of  torsional  rupture  cannot  fail,  therefore,  to  throw  light  on 
geological  phenomena.  The  question  is  how  areas  which  have  been 
broken  in  this  manner  are  to  be  distinguished  from  those  which  have 
yielded  to  other  systems  of  forces. 

Phenomena  of  Joints. — It  is  well  known  that  a  large  part  of  the 
more  homogeneous  rocks  and  some  very  heterogeneous  rocks  are 
intersected  by  partings  often  called  joints.  These  partings  are  fre- 
quently flat  surfaces  even  when  seen  in  very  large  exposures,  but 
are  sometimes  surfaces  of  moderate,  single,  or  double  curvature. 
Joints  usually  occur  in  groups,  in  each  of  which  the  several  part- 
ings are  parallel  to  one  another,  and  several  such  groups  often  inter- 
sect the  same  rock-mass.  In  such  cases  the  different  systems  make 
large  angles  with  one  another.  Nearly  all  students  of  the  subject 
of  jointing  have  reached  the  conclusion  that  joints  are  faulted  sur- 
faces, the  dislocations  usually  being  of  small  amplitude;  and  this 
conclusion  receives  abundant  support  from  the  study  of  thin  sections 
under  the  microscope.  It  has  thus  been  shown  that  much  even  of 
what  would  be  regarded  in  hand  specimens  as  mere  slaty  cleavage 
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consists,  in  reality,  of  innumerable  microscopic  faults.  For  this 
reason,  Mr.  Daubree  rejects  the  term  joint,  as  failing  to  imply  the 
existence  of  relative  motion,  and  has  introduced  the  terms  diaclase 
and  paraclase  as  substitutes.* 

Although  the  word  joint  does  not  imply  relative  motion,  it  does 
not  necessarily  preclude  such  movement,  and,  as  it  is  universally  in- 
telligible, I  prefer  it.  In  nearly  all  cases  where  joints  are  suitably 
exposed  they  show  slickensiding.  In  many  hundreds  of  joints  I 
have  found  polished  surfaces,  although  the  throw  of  the  faults  was 
so  small  as  scarcely  to  be  determinable.  Slickensiding  is  a  very  im- 
portant genetic  characteristic  of  joints,  for  wherever  it  prevails  over 
any  considerable  portion  of  the  parting,  it  is  good  evidence  that  the 
joint  walls  have  not  only  undergone  relative  motion,  but  have  re- 
mained in  contact  during  the  dislocation. 

It  does  not  follow  that  gaping  joints  should  be  infrequent,  for  a 
rock-mass  once  affected  by  joints  will  present  but  small  resistance  to 
any  disturbing  force,  and  such  a  force  may  readily  spread  the  joint 
walls.f  Indeed,  it  is  somewhat  surprising  that  joints  are  so  often 
found  closed.  When  a  bar  of  metal  is  cut  by  shears,  the  two  parts 
are  in  contact  immediately  after  the  continuity  is  destroyed  and  they 
slickenside  one  another,  but  under  ordinary  conditions  they  then  fall 
apart.  The  comparative  rarity  of  gaping  joints  is  explicable  in 
part  by  the  presence  of  water.  The  surface  tension  of  thin  films  of 
water  leads  to  adhesions  which  seem  to  me  of  much  importance. 
Thus,  if  two  surfaces  of  rock  are  distant  0.01  inch  from  one  another, 
and  if  the  space  is  filled  with  water,  the  rock  surfaces  are  drawn 
together,  in  consequence  of  the  surface  tension  of  the  liquid,  with  a 
force  equal  to  13.5  pounds  per  square  foot;  and  if  the  opening  is 
only  0.001  inch  wide,  the  pressure  will  be  135  pounds  per  square 
foot.J  There  can  be  no  doubt  that  many  jointed  rock-masses,  which 
project  above  the  local  water-level,  are  prevented  from  disorganiza- 
tion by  this  means. 

Explanatory  Hypotheses. — Jointing  is  now  regarded  by  all  inves- 

*  Bull.  Soc.  Qeol.  de  France,  vol.  vii.,  1879,  p.  108. 

f  Prof.  William  King,  Trans.  R.  Irish  Acad.,  vol.  xxv.,  1875,  has  collected  much 
evidence  to  show  that  joints  were  originally  close.  Mr.  Daubree  also  draws  from 
observations  by  himself  and  others  the  conclusion  {I.  c.) :  "A  cutting  or  shearing 
force,  then,  was  operative  during  the  formation  of  joints."  This  is  equivalent  to 
asserting  that  contact  existed  during  and  immediately  after  rupture. 

X  The  pressure  is  equivalent  to  that  of  a  column  of  water,  the  height  of  which 
is  c  centimeters  when  the  distance  of  the  surfaces  from  each  other  is  d  centimeters, 
and  c  d  =  162/981.4.     Compare  Tait's  Properties  of  Matter,  1890,  p.  258. 
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tigators  as  of  mechanical  origin.  It  has  been  referred  by  eminent 
authorities  to  simple  tensile  stresses,  but  observers  have  long  pro- 
tested against  this  explanation  because  such  joints  would  gape  from 
the  start  and  would  not  be  slickensided.  Even  if  a  tensile  stress 
leading  to  rupture  were  associated  with  slipping,  slickensides  would 
be  produced  only  on  a  few  small  portions  of  the  surfaces  involved. 
These  surfaces  can  never  be  true  mathematical  planes,  and  a  rupture 
like  that  just  suggested  might  bring  into  contact  protuberances  how- 
ever small,  but  in  such  cases  slickensides  would  be  confined  to  small 
portions  of  the  surface.  In  heterogeneous  masses,  particularly  in 
conglomerates,  tensile  stresses  leading  to  rupture  would  produce 
rough  and  irregular  partings.  Even  in  masses  so  homogeneous  as 
steel,  tensile  rupture  takes  place  on  very  uneven  surfaces. 

For  these  reasons,  jointing  has  been  explained  most  satisfactorily 
by  reference  to  pressure,  though  it  does  not  follow  that  all  jointing 
is  thus  brought  about.  Mr.  Daubree  has  shown  by  direct  experi- 
ments with  simple  pressure  that  all  the  more  usual  phenomena  of 
joints  can  be  artificially  produced,  the  line  of  pressure  making  an 
angle  of  about  45°  with  the  joint  planes.  In  this  case  the  imme- 
diate cause  of  the  jointing  is  shearing  stress,  and  the  walls  of  the 
joints  are  not  only  in  juxtaposition,  but  are  pressed  together  during 
the  rupture  and  dislocation.  The  dynamic  theory  of  this  case  is  not 
difficult  even  when  the  strains  are  finite,  and  the  angle  between  the 
joint  surfaces  is  greater  than  45°.* 

Some  geologists  hesitate  to  accept  the  explanation  of  jointing  by 
pressure  in  a  given  direction,  on  the  ground  that  an  accompanying 
lateral  pressure  of  sufficient  intensity  would  preclude  rupture.  It 
is  a  very  important  truth  that,  under  proper  conditions,  rupture  can 
not,  and  flow  must,  take  place.  A  mass  may  be  subjected  to  such 
confining  forces  that  rupture  is  impossible  by  any  deformation  or 
change  of  volume;  but  this  is  true  of  tension,  torsion  or  shearing  as 
well  as  of  simple  pressure.  Since  rock  fractures  are  abundant,  it  is 
certain  that  conditions  permitting  of  rupture  as  well  as  those  com- 
pelling flow,  have  frequently  prevailed. 

While  Mr.  Daubree  and  others  refer  many  joint-systems  to  the 
action  of  pressure,  the  famous  author  of  the  Etudes  Synthetiques  has 
also  made  beautiful  experiments  on  the  torsion  of  glass  plates,  which 
produces  systems  of  fractures  highly  resembling  joints  in  their  dis- 


*  Bull.  Geol.  Soc.  Amer.,  vol.  is-.,  1893,  p.  ">7. 
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tribution.  He  has  consequently  expressed  the  opinion  that  torsion, 
as  well  as  pressure,  has  led  to  joint-systems.* 

Character  of  Torsion- Fractures. — Mr.  Daubree  has  minutely  de- 
scribed the  phenomena  of  the  rupture  by  torsion  of  glass  plates, 
these  being  mounted  on  paper  to  avoid  the  scattering  of  the  frag- 
ments. Torsion,  as  he  describes  it,  produces  two  main  sets  of  frac- 
tures, approximately  at  right  angles  to  one  another,  and  usually  at 
nearly  45°  to  the  axis  of  torsion.  The  fissures  cut  the  broad  sur- 
faces in  lines  which  are  nearly  straight,  and  the  surfaces  of  fracture 
are  approximately  warped  surfaces,  the  inclination  to  the  vertical  in 
some  cases  reaching  50°  on  each  side.  Some  few  fissures  reach  from 
edge  to  edge  of  the  plate,  while  many  do  not  entirely  cross  it,  and 
sometimes  single  fissures  neither  reach  the  edge  nor  any  other  crack, 
and  are  thus  isolated  in  the  mass.  The  fissures  which  reach  the 
edge  of  the  plate  cut  the  narrow  face  at  angles  with  the  line  measur- 
ing the  thickness,  which  varies  greatly — from  20°  or  less  up  to  50° 
or  thereabout.  Besides  the  more  regular  systems  of  parallel  fissures, 
fan-shaped  groups  are  not  uncommon.  In  the  neighborhood  of  the 
finer  groups  of  fissures  the  glass  loses  its  optical  and  thermal  iso- 
tropy. 

By  the  kindness  of  Prof.  T.  C.  Mendenhall  I  have  been  enabled  to 
make  experiments  similar  to  those  of  Mr.  Daubree  in  an  apparatus 
which  permits  of  gradually  straining  the  plates  and  of  measuring 
the  angle  of  torsion.  Besides  common  window-glass,  I  employed 
glass  ground  on  one  side,  for  the  purpose  of  making  sure  that  sur- 
face-tension played  no  part  in  the  result.  Well-polished  plate-glass 
was  also  used,  sometimes  in  simple  strips  and  sometimes  cut  in  the 
shape  of  a  cross-section  of  an  I-beam,  in  order  to  confine  the  initial 
rupture  to  points  remote  from  the  jaws.  .  In  a  large  part  of  the 
experiments  the  cut  edges  were  ground  with  emery,  so  that  imper- 
fections of  the  edges  might  not  influence  the  result.  Many  different 
dimensions  were  selected,  and  the  plates  varied  from  nearly  square 
rods  to  sheets  wider  than  they  were  long.  It  was  found  best  to  sub- 
stitute a  thin  fabric,  known  as  "cheese-cloth,"  for  the  paper  on  which 
Mr.  Daubree  mounted  his  plates.  The  paper,  in  drying,  exerts  a 
considerable  tension,  and  the  specimens  mounted  on  cloth,  besides 
being  more  easily  handled  after  fracture,  show  smaller  tendency  to 
fan-fracture. 

*  Mr.  W.  O.  Crosby  also  adopts  the  torsional  hypothesis,  with  the  modification 
that  he  supposes  the  final  rupture  to  be  determined  by  shock. — Am.  Geologist,  vol. 
xii.,  1893,  p.  368. 


134  THE    TORSIONAL    THEORY    OF    JOINTS. 

All  of  Mr.  Daubree's  descriptions  are  illustrated  by  my  speci- 
mens,* and  I  have  but  few  observations  to  add.  It  scarcely  requires 
mention  that  the  curvature  of  the  surfaces  of  rupture  is  ordinarily 
such  as  to  permit  of  the  free  torsion  of  the  broken  plate.  Some- 
times, however,  short  cracks  extending  from  the  main  fissure  to  the 
edges  of  the  plate  are  so  warped  as  to  obstruct  torsion.  Hence, 
when  the  axis  of  torsion  is  not  in  the  vertical,  all  the  principal  faults 
produced  in  the  experiments  are  reversed,  the  hanging-wall  rising 
relatively  to  the  foot. 

When  the  breadth  of  a  glass  plate  is  large  relatively  to  its  thick- 
ness, the  surfaces  of  rupture  are,  as  Mr.  Daubree  remarks,  nearly 
coincident  with  warped  surfaces  ;  but  when  the  breadth  is  only  a  few 
times  the  thickness,  the  departure  of  the  surface  from  a  warped  sur- 
face is  well  marked.  In  such  cases  it  is  interesting  to  note  that  one 
cropping  of  the  fissure  is  usually  wonderfully  straight  while  that  on 
the  opposite  side  is  an  inflected  curve.  From  the  point  of  view  of 
pure  dynamics  the  exact  shape  of  these  surfaces  would  be  interest- 
ing, but  I  have  reason  to  believe  that  the  geometrical  character  de- 
pends essentially  upon  that  of  the  cross-section  of  the  twisted  bar ; 
and  since  it  will  seldom  or  never  be  practicable  to  determine  the 
shape  of  a  twisted  rock-mass,  there  seems  no  geological  interest  in 
ascertaining  the  precise  form  of  the  surface  of  rupture.  It  is  proba- 
ble that  the  forms  are  all  closely  related  to  the  warped  surface. 

Among  the  excessively  fine  cracks  in  the  glass  which  are  men- 
tioned by  Mr.  Daubree,  there  are  some  which  are  superficial.  These 
are  usually  near  the  middle  of  the  plate;  they  are  very  straight,  and 
invariably  parallel  to  the  straighter  edges  of  the  ruptures  on  the 
same  surface,  and  do  not  seem  to  penetrate  quite  to  the  center  of  the 
plate.  They  are  clearly  incipient  fractures,  and  the  observations  in- 
dicate that  rupture  begins  on  one  of  the  broad  faces  in  a  very  straight 
line,  the  surface  twisting  as  it  spreads  through  the  plate  in  such  a 
manner  as  best  to  relieve  the  torsional  stress.  Even  on  rather  thin 
plates  it  is  visible  that  one  cropping  of  each  well-formed  crack  is 
straighter  than  the  cropping  on  the  opposite  face,  and  that  the 
straight  cropping  has  a  definite  relation  to  the  direction  of  twist. 
When  torsion  is  so  applied  as  to  tend  to  twist  the  bar  into  a  right- 
handed  screw,  the  straight  lines  are  inclined  like  the  thread  of  a  left- 
handed  screw,  and  vice  versa.     Thus  the  straight  croppings  on  one 

::  I  have  not  tested  the  anisotropy  in  the  neighborhood  of  the  terminations  of 
cracks  not  crossing  the  plates.  As  the  mass  at  such  points  is  in  a  permanent  state 
of  strain,  anisotropy  is  to  be  expected. 


THE    TORSIONAL   THEORY   OF    JOINTS. 


135 


surface  of  a  plate  are  at  right  angles  to  the  straight  lines  on  the 
other  side  of  the  plate. 

The  angles  at  which  the  cracks  cross  the  narrow  edge-surfaces  of 
the  plate  vary  considerably,  as  Mr.  Daubree  has  observed.  I  can- 
not find  that  the  inclination  of  these  lines  varies  in  any  regular  man- 
ner with  the  width  of  the  plate.  The  average  angle  which  the 
cracks  on  these  narrow  surfaces  make  with  the  long  edges  seems  to 
be  about  63  J°,  or  the  angle  whose  tangent  is  2.  These  croppings 
are  in  fact  curved  lines  in  almost  all  cases,  and  the  curvature  is  such 
that  the  acute-angled  fragments  bounded  by  the  edge  of  the  plate 
and  the  ruptures  are  somewhat  grooved. 

The  following  diagram  shows  two  warped  surfaces  intersecting  a 
bar  supposed  4  times  as  wide  as  it  is  thick  and  a  sketch  of  two  of 
the  more  complex  surfaces,  referred  to  above,  generalized  from  a 
considerable  number  of  cases.* 

Fig.  1. 


Diagram,  illustrating  intersection  of  surfaces*  of  rupture  with  a  bar. 

Rupture  by  Shear. — In  a  pure  (or  irrotational)  shear  the  resultant 
load  on  any  section  passing  through  the  center  of  the  strain  ellipsoid  is 
the  same.  On  the  sections  perpendicular  respectively  to  the  greatest 
and  least  axes  the  load  is  wholly  normal.  On  the  sections  of  un- 
changed area  (which  stand  at  45°  to  the  greatest  and  least  axes  when 
the  strain  is  very  small)  the  load  is  purely  tangential. f  In  a  homo- 
geneous mass  thus  strained,  rupture  may  conceivably  occur  by  the 
tension  along  the  greatest  axis,  or  by  pressure  along  the  smallest 
axis,  or  by  tangential  motion  at  45°  to  the  axes.  A  mass  ruptured 
by  tension  sometimes  breaks  perpendicularly  to  the  direction  of  ten- 
sion with  a  smooth  surface,  and  sometimes,  as  in  the  case  of  mild  steel, 
with  a  rough  or  "  cupped  "  surface,  the  facets  of  which  are  in  the 


*  If  the  axis  of  the  bar  is  the  x  axis,  y  the  distance  from  this  axis  parallel  to  the 
broad  surface,  z  the  distance  parallel  to  the  narrow  surface,  6  the  breadth,  c  the 
thickness,  then  the  following  equation  represents  both  the  warped  surfaces. 

f  Amer.  Jour.  Science,  3d  series,  vol.  xlvi.,  1893,  p.  339. 
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direction  of  the  planes  of  unchanged  area.  A  mass  broken  by  uni- 
formly distributed  pressure  breaks  in  the  direction  of  the  planes  of 
unchanged  area.  A  mass  ruptured  by  tangential  stress  also  breaks 
on  these  planes.  Thus  a  homogeneous  mass  subjected  to  a  shear  can 
break  in  only  two  ways,  viz. :  perpendicular  to  the  greatest  axis  or  at 
45°  to  this  axis.  In  the  present  state  of  knowledge  concerning  the 
constitution  of  matter,  experiment  only  can  determine  which  rupture 
will  occur.  The  experiments  on  glass  plates  in  connection  with  the 
theory  of  torsion,  due  to  the  genius  of  Barr6  de  Saint- Venant, 
render  a  decision  very  easy  for  this  substance. 

Points  From  the  Theory  of  Torsion. — When  a  rectangular  bar  of 
an  elastic,  homogeneous  solid  is  twisted  through  a  small  angle  the 
following  conditions  are  fulfilled.  The  lateral  surfaces  of  the  bar 
become  warped  ;  the  length  of  every  edge  remaining  substantially 
unchanged,  while  diagonal  lines  are  elongated  or  contracted,  but  the 
volume  of  the  mass  is  neither  increased  nor  diminished  by  a  sensible 
amount.  At  the  surfaces  of  the  bar  the  resultant  strains  lie  in 
these  surfaces.  The  directions  of  maximum  extension  and  com- 
pression are  at  45°  to  the  axis  of  torsion,  and  at  right  angles  to  each 
other.  If  the  rotation  of  the  torsion-couple  is  positive  (opposite  to 
that  of  the  hands  of  a  watch)  the  directions  of  greatest  extension  on 
all  the  sides  are  inclined  in  the  same  sense  as  the  thread  of  a  right- 
handed  screw.  The  strain  at  any  point  in  the  mass  is  a  pure  or  irro- 
tational  shear.  The  points  of  maximum  strain  are  on  the  surface 
and  nearest  the  axis;  in  other  words,  the  danger  line  is  the  median 
line  of  the  broad  surface  ;  and  on  the  narrow  surface  of  the  prism  the 
strain  is  also  greater  half  way  between  its  long  edges  than  elsewhere. 

Most  of  these  conclusions  can  be  exemplified  in  a  very  easy  and 
striking  manner  with  a  rectangular  bar  of  rubber,  such  as  is  in  com- 
mon use  for  erasing  pencil  marks.  The  surface  of  such  a  mass, 
cross-hatched  with  lines  parallel  to  the  edges,  shows  when  the  bar  is 
twisted,  that  deformation  is  greatest  nearest  the  axis  and  insignificant 
near  the  edges  of  the  prism.  Lines  at  45°  to  the  edges  are  greatly 
extended  or  shortened  by  twist,  and  a  very  small  circle  is  converted 
into  an  ellipse  with  axes  at  45°  to  the  edges. 

It  evidently  follows  that  rupture  should  begin  at  the  middle  of 
the  broad  surface.  If  rupture  takes  place  by  slipping  on  the  planes 
of  no  distortion  of  the  shear  ellipsoid,  the  incipient  cracks  in  the 
mass  will  be  parallel  to  or  perpendicular  to  the  axis  of  torsion.  If 
the  mass  yields  to  the  tensile  component  of  the  shearing  stress  these 
cracks  will  coincide  in  direction  with  the  lines  of  greatest   linear 


THE   TORSIONAL   THEORY    OF   JOINTS.  137 

compression  and  stand  at  45°  to  the  axis  of  torsion.  This  is  pre- 
cisely what  occurs  in  the  experiment  on  glass.  On  the  other  hand 
the  theory  shows  that  the  resultant  stresses  within  the  body  of  the 
plate  are  not  in  general  parallel  to  the  surfaces,  and  it  is  therefore 
to  be  expected  that  curved  surfaces  of  rupture  should  ensue. 

Character  of  Torsional  Rupture. — It  now  appears  certain  that  the 
experiments  on  the  torsion  of  glass  are  equivalent  to  the  application 
of  a  system  of  tensions  peculiarly  distributed,  and  that  the  fissures 
produced  by  torsion  in  any  mass  physically  resembling  glass,  will 
exhibit  the  peculiarities  of  tensional  fractures  together  with  some 
marked  characteristics  of  their  own.  The  fissures  will  gape  from  the 
start,  excepting  at  certain  points,  which  alone  will  be  slickensided. 
The  surfaces  will  be  rough,  excepting  when  the  mass  is  uncommonly 
homogeneous.  The  surfaces  will  also  show  double  curvature,  which 
will  be  very  strongly  marked  unless  the  mass  of  rock  affected  by 
torsion  is  immense.  If  the  axis  of  torsion  is  vertical  the  particles 
originally  in  contact  will  separate  along  horizontal  lines,  and  there 
will  be  no  faults  as  these  are  usually  estimated.  In  all  other  cases 
every  surface  will  be  faulted,  and  every  master  fault  will  be  reversed. 
The  net-work  of  fissures  will  show  marked  regularity,  provided  that 
the  exposure  is  an  approximately  flat  surface  nearly  parallel  to  the 
axis  of  torsion,  but  any  section  forming  an  angle  with  the  axis  of 
torsion  will  expose  a  very  complex  arrangement  of  curved  partings. 
If  rocks  break  under  torsion  at  all  as  glass  does,  a  pronounced  char- 
acteristic will  be  the  frequency  of  fissures  completely  "cut  off"  by 
others,  these  being  much  more  numerous  than  "  master  "  joints. 

Conclusion  as  to  Jointing. — It  appears  from  the  foregoing  that 
though  torsional  rupture  may  be  of  frequent  occurrence  in  disturbed 
regions,  the  systems  of  dislocations  familiar  under  the  designation  of 
joints  cannot  aptly  be  ascribed  to  pure  torsion,  while  direct  pressure 
will  produce  the  phenomena  called  jointing.  But  the  forces  acting 
upon  a  rock-mass  are  in  general  very  far  from  simple;  indeed  it 
may  be  assumed  that  every  variety  of  stress  exists  in  a  strained 
rock-mass.  Nevertheless  a  general  idea  of  the  nature  of  rupture 
even  under  such  conditions  may  readily  be  reached.  The  strain 
ellipsoid  at  any  point  must  either  be  torn  apart  by  tension  or  cut 
across  by  shearing,  and  in  all  ordinary  cases  it  is  easy  to  distinguish 
these  modes  of  rupture.  In  a  mass  subjected  to  a  complex  stress 
the  orientation  of  the  strain  ellipsoid  will  vary  from  point  to  point, 
and  so  will  the  direction  of  the  rupture;  but  smooth  slickensided 
surfaces,  though  curved,  will  still  be  due  to  pressures  acting  at 


138       THE   SILVER-MINES    OF    LAKE    VALLEY,    NEW    MEXICO. 

approximately  45°  to  the  local  direction  of  the  surfaces  when  the 
material  is  a  hard  and  homogeneous  one;  and  tension  cracks  will 
form  at  right  angles  to  the  local  direction  of  the  effective  tension. 
Thus  in  typically  jointed  areas,  curvature  of  the  joint  planes  indicates 
that  the  direction  of  the  effective  pressure  has  varied  from  point  to 
point,  as  it  does  for  example  in  the  compressed  portion  of  a  flexed 
bar.  The  existence  of  curved  joint-planes  is  consequently  by  no 
means  inconsistent  with  the  ascription  of  jointing  to  pressure,  while 
it  does  indicate  that  the  entire  system  of  forces,  operative  and  in- 
operative, which  has  been  brought  to  bear  on  the  mass  is  complex. 
The  action  of  pressure  on  heterogeneous  materials  is  much  more 
regular  than  the  action  of  tension  ;  and  it  might  be  possible  in  some 
cases  from  the  study  of  curved  joint  surfaces  to  infer  the  nature  of 
the  complete  stress  system. 
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(Virginia  Beach  Meeting,  February,  1S94.) 

These  mines  were  discovered  by  George  W.  Lufkin  in  August, 
1878,  and  were  worked  almost  continuously  until  August,  1893,  a 
period  of  fifteen  years. 

The  ore-deposits  in  this  locality  lie  close  to  the  surface,  and  it  is 
strange  that  the  Spaniards,  passing  and  repassing  for  nearly  three 
centuries,  did  not  discover  them,  particularly  as  they  are  marked  in 
several  places  by  large  outcrops  of  black  flint  and  iron,  which  would 
lead  even  a  casual  observer  in  a  mineral  country  to  suspect  the  prox- 
imity of  ore.  The  mines  are  situated  about  six  miles  from  the  old 
Santa  Fe  trail,  and  fifteen  miles  from  the  Rio  Grande. 

The  geology  is  such  that  a  skilled  geologist  passing  over  the 
ground  would  probably  suspect,  from  the  peculiar  arrangement  of 
the  formations,  the  occurrence  of  ore.  The  formations  in  the  dis- 
trict, eruptive  and  sedimentary,  are  nine  in  number;  and  of  these 
eight  are  to  be  found  within  one  thousand  feet  of  the  Grande  work- 
ings. 

Topography. 

The  topography  of  the  Lake  Valley  district  shows  its  dependence 
on  the  surface  and  underground  geology,  in  a  degree   more  marked 
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than  the  writer  has  elsewhere  observed.  (Plate  I.  exhibits  this  re- 
lation.) The  most  prominent  topographical  features  are  two  rhyo- 
lite  peaks,  Porphyry  Hill,  situated  one  mile  southwest  of  the  mines, 
and  rising  1000  feet  above  the  plain,  and  the  so-called  Rhyolite 
Range,  three  miles  to  the  northwest,  rising  1500  feet  above  the 
general  level. 

Starting  from  the  base  of  the  first-mentioned  peak,  the  Silurian 
limestone-quartzites  form  a  gradually  descending  ridge  which  ex- 
pires near  the  lake  that  gives  its  name  to  the  district.  This  ridge  is 
bounded  by  the  Barrenda  valley  on  the  northwest,  and  by  narrow 
shale  "  draws  "  on  the  southeast. 

Across  these  shale  valleys,  the  Lower  Carboniferous  Blue  Lime- 
stone gives  rise  to  Apache  Hill,  which  at  a  height  of  700  feet  above 
the  plain  overlooks  the  mines. 

Finally  Monument  Peak,  an  isolated  knoll  of  andesite  with  a 
height  of  500  feet,  bounds  the  district  on  the  east. 

Geology. 

The  oldest  formation  in  the  district  appears  to  be  the  Silurian 
limestone-quartzite,  which,  taking  its  rise  along  a  fault  at  the  base  of 
Porphyry  Hill,  extends  for  a  distance  of  several  miles  to  the  north- 
east. 

The  width  of  this  Silurian  limestone-quartzite  on  the  surface  is 
one  mile  at  the  center  of  the  district,  diminishing  to  one-half  mile 
at  the  northern  extremity. 

The  actual  thickness  of  this  formation  cannot  be  determined,  since 
its  base  is  uncovered  nowhere  in  the  district;  but  the  exposed  thick- 
ness, from  a  point  in  the  valley  near  Crystal  Springs  to  the  highest 
point  of  the  quartzite,  is  600  feet. 

Specimens  of  Favistella  stellata,  and  the  Favosites  venustus  have 
been  found  in  the  quartzite,  which,  with  the  Monocraterion  leshyi 
found  in  the  limestone  swell,  in  the  northern  part  of  the  Barrenda 
valley,  appear  to  be  sufficient  to  establish  the  age  of  the  formation 
as  Silurian. 

The  black  and  green  shale,  the  next  formation  in  point  of  age,  lies 
apparently  uncomformably  on  the  quartzite;  it  takes  its  rise  close  to 
the  Grande  workings,  forming  a  valley  from  500  to  1000  feet  wide, 
which,  broken  at  one  point  only,  constitutes  the  natural  outlet  to  the 
northeast,  and  has  been  utilized  for  the  stage-road  running  to  Hills- 
boro  and  Kingston. 

This  shale  overlies,  and  forms  for  three  miles  a  contact  with,  the 
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quartzite.  It  has  been  prospected  in  numerous  places  by  shafts  to 
depths  of  50  and  100  feet,  some  of  the  shafts  being  within  a  few 
feet  of  the  quartzite  outcrop  ;  but  in  one  place  only  has  its  thickness 
been  determined,  and  the  underlying  quartzite  reached.  This  is  at 
a  point  1200  feet  northwest  of  the  Grande  workings,  where  a  pros- 
pecting-shaft  was  sunk  through  130  feet  of  shale  to  a  red  limestone, 
12  feet  thick,  under  which  was  the  quartzite.  This  shaft  was  sunk 
with  the  object  of  prospecting  the  so-called  "second  contact."  No 
ore  was  found ;  but  at  the  very  base  of  the  shale,  nodules  of  about 
the  size  and  shape  of  a  potato,  formed  of  iron  pyrites,  were  encoun- 
tered. 

The  point  in  the  shale  at  which  this  shaft  was  sunk  is  one  that 
has  experienced  some  erosion ;  and  the  probable  thickness  of  the 
shale  is  160  feet.  No  fossils  have  been  found  in  it,  and  its  dip  is 
difficult  to  determine,  but  may  be  said  in  a  general  way  to  corre- 
spond with  the  general  dip  of  the  district,  which  is  15°  to  the  south- 
east. 

Succeeding  the  shale  is  a  limestone  called  the  "  Nodular  limestone," 
from  its  structure,  which  consists  of  nodules  of  limestone  up  to  2  or 
3  inches  in  diameter,  surrounded  by  a  weak  limestone  cement.  The 
nodular  limestone  is  48  feet  thick,  as  shown  on  a  cliff  on  the  north- 
west escarpment  of  Apache  Hill.  It  appears  first  near  the  Grande 
workings,  and  follows  Apache  Hill  its  entire  length,  spreading  out 
in  a  large  patch  on  the  northeast  slope,  where  it  has  been  exposed 
by  the  erosion  of  the  Blue  limestone.  The  Nodular  limestone  then 
disappears,  but  shows  again  on  the  southeast  side  of  the  shale  val- 
ley leading  to  the  lake.  Its  continuity  is  broken  at  one  point  by  a 
small  andesite  outburst,  but  it  reappears  and  continues  for  a  half 
mile,  until  it  is  faulted  and  disappears  near  the  cottonwoods. 

The  Nodular  limestone  is  followed  by  a  thickness  of  24  feet  of  Blue 
limestone,  which  is  locally  known  as  the  "  Footwall  lime,"  from  the 
fact  of  its  underlying  the  ore-deposit.  The  Blue  limestone  is  very 
pure,  containing  from  3  to  5  per  cent,  of  silica  and  45  to  50  per  cent, 
of  lime.  It  is  occasionally  broken  by  faults  which  have  been  filled 
in  with  a  ferruginous  flint,  and  are  locally  known  as  flint  "dikes," 
but  which  do  not  appear  to  have  had  any  special  influence  on  the 
segregation  of  ore.  Nodules  of  flint  are  occasionally  found  in  con- 
nection with  some  of  the  layers  of  this  limestone. 

Overlying  conformably  the  Blue  limestone  is  a  shaly  limestone, 
generally  yellowish-white,  but  containing  strata  of  red,  purple  and 
brown,  which,  from  the  fact  of  its  being  composed  to  a  great  extent 
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of  fossils,  principally  crinoids,  has  been  called  the  Crinoidal  lime- 
stone. Other  fossils  abound;  spirifers  being  numerous,  and  trilobites 
rare.  The  Crinoidal  limestone  is  very  siliceous,  containing  35  per 
cent,  of  silica  and  30  per  cent,  of  lime.  It  also  contains  nodules  of 
flint  of  a  somewhat  different  grain  and  texture  from  those  found  in 
the  Blue  limestone,  and  capable  of  being  distinguished  from  the  lat- 
ter by  an  experienced  eye. 

This  Crinoidal  limestone,  from  the  fact  of  its  overlying  the  minor 
ore-deposits,  and  to  some  extent  the  greater  ones,  is  locally  known 
as  the  "  Hanging- Wall  lime."  It  forms  the  summit  and  the  lower 
part  of  the  eastern  flank  of  Apache  Hill,  continuing  like  a  gigantic 
finger  until  it  is  eroded  in  the  neighborhood  of  Phillips's  well.  It 
then  reappears  near  the  small  andesite  outbreak  of  the  shale  valley, 
with  a  width  of  a  thousand  feet  and  a  length  of  three-fourths  of  a 
mile,  beyond  which  it  is  eroded,  leaving  the  Blue  limestone  ex- 
posed. 

To  the  southeast  of  the  Grande  and  Bella  workings,  the  various 
formations  flatten  out  and  are  in  some  places  nearly  level,  and  at 
others  have  a  slight  dip  to  the  southeast,  disappearing  under  a  flow 
of  the  Monument  Peak  andesite.  In  two  places,  close  to  the  grave- 
yard, the  thin  coating  of  andesite  has  been  eroded,  exposing  small 
patches  of  Crinoidal  lime.  At  other  points,  near  the  town,  pros- 
pect-shafts of  moderate  depth  (less  than  25  feet)  have  been  sunk 
through  the  andesite  and  audesitic  breccia  to  the  underlving  Crin- 
oidal  limestone.  It  is  probable  that  the  sedimentary  formations  are 
entirely  cut  off  to  the  eastward  by  the  Monument  Peak  eruptive 
fissure. 

The  total  thickness  of  the  sedimentary  formations  may  lie  approxi- 
mated as  follows  : 

Silurian.  Feet. 

Quartzite  and  limestone,    . 600 

Lower  Carboniferous.  Feet. 

Black  shale,  100  feet ;  green  shale,  60  feet,         ....  160 

Nodular  limestone, 48 

Blue  limestone,  ..........  24 

Crinoidal  limestone,  125  feet:  upper,  25  feet;  topmost,  25  fee',  175 

1007 
Eruptive  Formations. 

The  eruptive  formations  of  the  district  are  four  in  number,  horn- 
blende-andesite,  rhyolite,  obsidian  and  porphyrite.  All  of  these, 
with  the  exception  of  the  obsidian,  occur  within  500  feet  of  the 
mine-workings. 
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The  rli vol ite  is  the  oldest  of  these  formations,  and  by  far  the  most 
prominent,  though  it  covers  but  2  of  the  16  square  miles  shown  on 
the  map.  The  rhyolites  appear  to  be  two  distinct  flows.  The  first, 
which  composes  Porphyry  Hill,  southwest  of  the  ore-bearing  ground, 
shows  a  gray  rock  with  a  feldspathic  matrix,  the  quartz  crystals 
being  small  and  mica  rare.  It  is  hard  on  the  surface,  but  quite  soft 
where  it  has  been  encountered  underground,  in  the  workings  of  the 
Grande.  This  rhyolite  has  accompanied  a  great  fault  almost  in  a 
straight  line,  with  a  northwest  and  southeast  strike.  It  has  cut  all 
the  sedimentary  formations,  beginning  at  the  Crinoidal  limestone 
and  continuing  down  to  the  Silurian  quartzite-limestone. 

This  flow  of  rhyolite  has  a  distinct  and  very  much  distorted  bed- 
ding; but  the  dip  of  the  bedding  is  completely  disguised,  and  speci- 
mens from  almost  any  point  on  Porphyry  Hill  show  twistings  and 
convolutions  like  a  gnarled  oak-root. 

The  contact  between  the  rhyolite  and  the  other  formations,  erup- 
tive and  sedimentary,  is  strongly  marked  where  not  obscured  by 
debris.  Beginning  near  the  Grande  workings,  the  contact  between 
it  and  the  andesite  has  a  southerly  strike  for  three-fourths  of  a  mile. 
It  then  turns  abruptly  to  the  west,  carrying  that  direction  for  a  mile, 
and  showing  an  obsidian  dike  on  the  southwest  side.  It  then  turns 
a  right  angle  to  the  north  to  a  point  on  the  hill  above  Crystal  Springs, 
and  thence  continues  to  the  southeast,  to  a  point  near  the  Grande, 
faulting  in  its  way  the  Silurian  quartzites  and  the  Lower  Carbo- 
niferous shales  and  limestones. 

The  second  flow  of  rhyolite  shows  at  four  points  in  the  district, 
namely,  the  two  hills  to  the  northwest  and  southeast  of  Crystal 
Springs,  and  the  two  peaks  in  the  extreme  northern  part  of  the  map 
known  as  Rhyolite  Range.  In  these  four  hills  the  mineralogical 
features  of  the  rhyolite  are  similar,  the  rock  being  gray-white,  and 
consisting  of  a  feldspathic  matrix  with  prominent  quartz  crystals  and 
considerable  mica. 

The  flows  of  this  rhyolite  have  been  very  thin,  sometimes  only  as 
thick  as  a  sheet  of  cardboard.  They  have  occasionally  distinct  colors, 
varying  shades  of  gray,  brown,  and,  sometimes,  brick-red;  and  the 
bedding  is  so  distinct  and  so  regular  as  to  give,  in  places  where  a 
harder  layer  has  been  left  undecomposed  between  two  soft  ones,  the 
impression  of  a  stratified  and  sedimentary  rock. 

The  dip  in  the  four  hills  is  regular,  identical,  and  about  15°  to  the 
east.  Except  along  the  northeastern  flank  of  Porphyry  Hill,  where 
the  sedimentary  formations  are  cut  off,  and  on  the  southwestern  flank, 
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where  a  small  obsidian  dike  occurs,  both  classes  of  rhyolite  are 
bounded  on  all  sides  by  the  andesite. 

The  hornblende-andesite  is  the  predominating  rock  of  the  district, 
covering  about  three-fourths  of  the  area  that  has  been  mapped. 
Whether  this  large  amount  of  andesite  is  the  result  of  a  single  flow. 
or  has  come  from  a  numl>er  of  isolated  fissures  and  craters,  is  diffi- 
cult to  determine  from  the  present  topography  ;  but  the  writer  in- 
clines to  the  belief  that  it  has  come  nearly  simultaneously  from  a 
number  of  points  which  are  now  to  be  recognized  as  conical  peaks 
within  the  area  mapped. 

On  the  western  side  of  the  district,  the  erosion  has  been  such  that 
the  andesite  hills  reach  to  the  5800-foot  contour,  or  800  feet  above 
the  plain  ;  on  the  eastern  side,  Monument  Peak,  which  bears  rather 
distinct  indications  of  being  the  root  of  a  volcano,  rises  abruptly  to 
the  height  of  5500  feet,  or  500  feet  above  the  plain. 

At  Monument  Peak,  the  main  fissure  has  a  north  and  south  direc- 
tion, determining  the  outlines  of  the  hill,  and  a  later  crater  has  been 
developed  a  few  hundred  feet  to  the  eastward,  leaving  a  conical  knoll 
with  a  knob  of  nearly  perpendicular  sides,  100  feet  in  height,  which 
forms  the  most  distinct  landmark  in  the  district  when  approached 
from  the  north,  south  or  east. 

The  andesite  that  surrounds  the  flanks  of  Porphyry  Hill  appears 
to  have  come  from  two  series  of  fissures  or  isolated  openings,  grouped 
in  a  concentric  manner,  at  distances  of  a  mile  and  a  mile  and  a  half 
respectively  from  the  highest  point  of  Porphyry  Hill  as  a  center. 
Continuing  this  analogy,  Monument  Peak  would  belong  to  the  fissure 
represented  by  the  second  circle.  Two  diminutive  outbreaks  of  ande- 
site, one  at  the  summit  and  the  other  on  the  southeast  side  of  Apache 
Hill,  at  a  distance  of  a  mile  from  the  summit  of  Porphyry  Hill, 
would  appear  to  belong  to  the  fissure  represented  by  the  first  circle. 

The  small  isolated  knoll  of  andesite  on  the  side  of  the  shale  valley, 
in  the  northeast  corner  of  the  area  surveyed,  does  not  appear  to  have 
any  marked  connection  with  any  of  the  other  outbreaks.  It  has 
broken  through  the  Nodular  and  upheaved  the  Blue  limestone,  which 
shows  in  a  disrupted  stratification  on  its  flanks.  Its  action  was 
purely  local,  as  both  the  Nodular  and  the  Blue  limestone  have  their 
regular  dip  and  strike  within  a  hundred  feet  of  the  outburst. 

The  remainder  of  the  andesite  appears  to  constitute  a  sheet  of 
varying  thickness,  eroded  to  a  few  feet  only  in  places,  notably  south- 
east of  the  town  of  Lake  Valley,  and  entirely  gone  at  two  points 
near  the  graveyard,  where  it  has  left  the  Oinoidal  limestone  exposed, 
vol.  xxiv. — 10 
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and  at  a  point  1500  feet  east  of  Phillips's  well,  where  the  Blue  lime- 
stone shows.  The  andesite  of  the  entire  district  is  nearly  identical, 
consisting  of  a  feldspathie  matrix  and  prominent  porphyritic  crys- 
tals of  hornblende.  Generally  the  color  is  reddish  from  oxides  of 
iron,  but  occasionally  the  hornblende  predominates  over  the  feld- 
spathie matrix,  giving  an  olive-green  color  to  the  rock. 

The  obsidian  is  a  very  subordinate  formation,  and  occurs  in  quan- 
tity only  on  the  southwest  flank  of  Porphyry  Hill,  in  a  curved  dike 
half  a  mile  long  and  a  few  hundred  feet  wide. 

The  porphyrite  is,  economically,  the  most  important  formation 
in  the  series,  since  all  of  the  ore-deposits,  with  the  exception 
of  a  small  one  on  the  Apache,  have  been  fonnd  in  close  proximity 
to  it,  and  the  two  most  important  ones,  the  Bridal  Chamber,  on  the 
Grande,  and  the  'Bunkhouse,  on  the  Bella,  were  directly  under  it 
and  in  contact  with  it. 

It  occurs  in  two  troughs,  the  first  excavated  in  the  Blue  limestone 
of  Apache  Hill,  and  the  second  (the  one  along  which  the  ore  occurs) 
between  the  Blue  and  the  Crinoidal  limestone.  The  latter  has  a 
length  of  1600  feet,  beginning  on  the  Bella  with  a  width  of  300 
feet,  and  a  southwest  direction,  parallel  to  the  strike  of  the  sedimen- 
tary formations,  and  gradually  narrowing,  with  occasional  slight 
swells,  to  a  width  of  50  feet,  which  it  maintains  to  the  Grande  work- 
ings, where  it  widens  to  nearly  100  feet,  and  makes  a  right-angle 
turn,  overlying  the  Bridal  Chamber  and  paralleling  the  course  of 
Porphyry  Hill  to  a  point  near  the  mill,  where  it  narrows  to  a  knife- 
edge  and  disappears. 

This  porphyrite  carries  in  places  from  a  trace  to  one  ounce  of  silver 
per  ton.  It  generally  shows  as  a  soft,  clayey,  gray,  canary,  chrome- 
yellow,  or  white  material,  sometimes  having  a  curly,  birds-eye  struc- 
ture. Its  metamorphic  effect  on  the  limestones  in  contact  with  it  has 
been  very  slight,  their  color  being  changed  from  blue  or  gray  to 
white  for  a  few  inches  only.  Rounded  bowlders  of  limestone  in  a 
porphyritic  cement  are  frequently  found  uear  its  base. 

That  this  porphyrite  is  an  overflow,  and  not  a  dike  cutting  through 
the  sedimentary  formations,  though  for  a  long  time  doubted,  may 
now  be  considered  as  proved.  Every  attempt  to  penetrate  through 
it  has  been  successful,  and  has  shown  it  to  be  resting  on  either  the 
Blue  or  the  Crinoidal  limestone. 

The  prospect-holes  by  which  this  has  been  proved  are  :  three  shafts 
in  the  upper  trough,  where  the  porphyrite  was  found  to  have  an 
average  thickness  of  30  feet,  resting  on  blue  limestone  ;  a  winze  in 
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the  Strieby,  which  reached  the  Blue  limestone  at  a  depth  of  125  feet 
from  the  surface;  an  upraise  from  the  Emporia  Incline,  which  cut 
through  the  Blue  limestone  into  the  porphyrite  above;  some  shallow- 
shafts,  less  than  25  feet  deep,  which  reached  the  Blue  limestone  along 
the  narrow  part  of  the  overflow;  the  Bridal  Chamber  shaft,  which 
passed  through  20  feet  of  wash  and  porphyrite  and  20  feet  of  ore, 
and  ended  in  limestone ;  and  a  shaft  to  the  south  of  the  Grande, 
where  the  overflow  of  porphyrite  is  50  feet  wide  and  28  feet  deep, 
resting  on  Crinoidal  limestone. 

The  contact  of  the  Crinoidal  and  Blue  limestones  has  yielded 
practically  all  the  ore  that  has  been  taken  from  the  property  ;  and  at 
two  points — where  the  porphyrite  has  overflowed  this  contact,  making 
a  junction  of  the  two  limestones  with  the  porphyrite — have  occurred 
the  great  bonanzas  of  the  Bridal  Chamber  and  the  Bunkhouse. 

Mineralogy. 

The  mineralogical  characters  of  the  Lake  Valley  ores  vary  with 
the  different  openings.  The  Twenty-five  Cut,  Thirty  Stope  and 
Bridal  Chamber  have  yielded  siliceous  ores.  The  Emporia  Incline 
has  yielded  principally  neutral  ores,  and  the  Bunkhouse,  Columbia 
and  Apache  have  yielded  ores  more  or  less  basic  in  character. 

Each  of  these  openings,  besides  its  main  yield,  which  may  be 
considered  in  carload-lots,  has  yielded  smaller  quantities  of  ore  of 
very  different  type. 

The  ores  from  Thirty  Stope  consist  principally  of  gray,  brown, 
chocolate,  pearl  and  green  flint.  The  green  flint  has  generally 
yielded  a  grade  of  ore  higher  in  silver  than  the  other  colors.  The 
flint  has  been  much  broken  and  crushed,  the  fragments  subsequently 
having  been  cemented  by  veins  of  transparent  quartz.  The  man- 
ganese and  iron  contents  are  small,  the  silica  contents  large.  An 
average  of  the  ore  from  this  working  for  the  past  few  years  would 
be  65  per  cent,  silica,  6  per  cent,  iron  and  12  per  cent,  manganese, 
with  20  ounces  of  silver  per  ton.  Fine  specimens  of  pyrolusite 
showing  crystalline  structure  are  found  in  these  workings. 

Much  of  the  Bridal  Chamber  ore  consisted  of  cerargyrite  ;  and  the 
little  ore  that  has  been  mined  from  the  chamber  in  recent  years  has 
been  similar  to  the  Thirty  Stope  ore,  but  slightly  less  siliceous. 

The  Emporia  Incline  ore,  when  considered  in  carload-lots,  is  a 
neutral  ore,  consisting  of  30  per  cent,  silica,  12  per  cent,  iron  and  18 
per  cent,  manganese,  the  remainder  being  limestone.  It  is  generally 
brownish-black,  with  a  tendency  to  brown,  and  frequently  carries 
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from  1  to  5  per  cent,  of  lead  in  the  form  of  galena.     Its  contents  in 
silver  vary  from  30  to  50  ounces  to  the  ton. 

Galena  is  one  of  the  accessory  minerals  in  this  working,  sometimes 
occurring  massive  and  compact,  with  a  fine-grained,  crystalline  struc- 
ture, and  sometimes  in  a  pulverulent  mass,  known  locally  as  "gray 
metal,"  which  is  easily  powdered  under  the  pressure  of  the  fingers, 
and  in  mining  is  carefully  scraped  and  gadded  out  of  the  containing 
cavities,  and  allowed  to  fall  on  canvas  lying  on  the  rock-ftoor.  Blast- 
ing is  not  practiced  on  this  variety  of  ore,  on  account  of  its  value 
and  the  clanger  of  scattering  and  losing  it.  It  contains  from  200  to 
500  ounces  of  silver  per  ton  and  50  to  60  per  cent,  of  lead. 

The  Bunkhouse  workings  have  yielded  several  distinct  varieties 
of  ore  from  different  parts  of  the  mine.  The  ore  from  the  central 
portion  of  the  body,  taken  out  shortly  after  its  discovery,  varied  in 
silver  from  200  to  500  ounces  per  ton  and  was  basic,  containing  a 
considerable  proportion  of  cerargyrite.  Subsequent  workings  devel- 
oped large  bodies  of  chocolate-colored,  manganiferous  ore,  with  an 
average  composition  of  8  per  cent,  silica,  12  per  cent,  iron  and 
24  per  cent,  manganese,  the  remainder  consisting  of  limestone  and 
gypsum.  The  silver-contents  were  20  to  30  ounces  per  ton.  Over- 
lying this  ore  were  considerable  bodies  of  what  became  known  as 
"  fluxing-ore,"  averaging  35  per  cent,  excess  of  bases  over  silica,  and 
carrying  5  per  cent,  silica,  10  per  cent,  iron  and  30  per  cent,  man- 
ganese, the  remainder  consisting  of  limestone.  The  silver-contents 
were  always  low,  increasing  and  diminishing  with  the  silica-con- 
tents and  averaging  5  ounces  to  the  ton.  The  color  of  the  fluxing- 
ore  was  black. 

Underlying  the  previously-mentioned  fluxing-ore,  at  the  base  of 
the  ore-series,  well  into  the  Blue  limestone,  was  a  deposit  of  man- 
gano-ferruginous  ore,  which  was  nearly  neutral,  with  an  average 
composition  of  30  per  cent,  silica,  12  per  cent,  iron  and  18  per 
cent,  manganese.  Its  silver-contents  were  low,  seldom  above  8 
ounces  per  ton,  and  the  ore  was  commercially  useless.  In  appear- 
ance it  is  not  unlike  the  Incline  ore,  having  a  blackish-brown  color, 
inclining  to  black. 

Nomenclature. 

The  ore-formation  is  locally  known  as  a  "  blanket;"  but  this  term 
is  correct  for  a  portion  of  the  property  only,  and  there  but  partially. 
For  convenience,  the  names  of  the  three  original  companies  have 
been  taken,  and  the  different  parts  of  the  property  will  be  described 
under  the  heads  of  the  Grande,  the  Bella  and  the  Apache. 
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1.  The  Grande  workings  include  Twenty-Five  Cut,  Thirty  Stope, 
the  Bridal  Chamber  and  the  Carolina  workings,  the  former  three  being 
on  what  may  be  loosely  termed  the  outcrop,  and  the  latter  on  the 
dip.     Only  the  first  three  have  yielded  ore  in  quantity. 

2.  The  Bella  workings  include  the  Emporia  Incline,  the  Harri- 
son, the  Bella  Chute,  the  Bunkhouse  and  the  Strieby,  all  of  which 
have  yielded  ore  in  quantity. 

3.  The  Apache  workings  include  those  northeast  of  the  Bella,  to 
the  extremity  of  the  ore-bearing  ground,  and  have  yielded  con- 
siderable iron  flux  and  a  comparatively  small  amount  of  commercial 
ore. 

The  approximate  yields  from  the  different  workings  have  been: 

Oz.  of  silver. 

Bridal  Chamber, 2,500,000 

Thirty  Stope, 1,000,000 

Emporia  Incline, 200,000 

Bunkhouse, 300,000 

Bella  Chute, 500,000 

Twenty- Five  Cut, 200,000 

Apache  and  scattering,        .......  300,000 

Total, ,        .        .    5,000,000 

1.  The  Grande  Workings. 

Plate  II.  gives  a  plan  of  the  workings  of  the  Grande,  and  the 
eruptive  and  sedimentary  formations  are  shown  in  the  sections  MN 
to  YZ  (Figs.  1  to  7). 

Section  MN,  Fig.  1,  which  is  drawn  through  Twenty-Five  Cut 
tunnel  and  No.  14  shaft,  is,  so  far  as  is  known,  just  beyond  the 
western  extremity  of  the  ore-bearing  ground.  The  workings  in  Twen- 
ty-Five West  are  considerably  below  the  ore-bearing  contact  of  the 
Crinoidal  and  Blue  limestones.  The  Twenty-Five  Cut  tunnel  is 
driven  62  feet  along  this  contact,  the  Crinoidal  showing  in  the  roof 
and  the  Blue  limestone  in  the  floor.  The  contact  is  here  what  is 
locally  known  as  "  frozen,"  and  contains  neither  iron  nor  ore.  One 
hundred  feet  from  Twenty-Five  Cut  tunnel,  No.  14  shaft  was  sunk 
on  a  diamond-drill-hole,  the  bore  of  which  may  still  be  seen  at  the 
corner  of  the  shaft.  At  62J  feet  the  contact  was  struck,  and  ferru- 
ginous flint  was  found  in  quantity,  with  an  occasional  piece  rich 
enough  in  silver  for  an  assay,  but  no  commercial  ore.  At  a  distance 
of  175  feet  from  No.  14  shaft,  the  rhyolite  appears,  cutting  off  all  the 
sedimentary  formations. 

Section  OP,  Fig.  2,  which  is  drawn  through  the  middle  of  Twen- 
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ty-Five  Cut,  shows,  first,  workings  in  Blue  limestone,  which  failed 
to  find  ore  ;  then  a  stope  in  Twenty-Five  West,  which  yielded  a 
quantity  of  very  rich  ore.     A  fissure,  two  to  three  feet  wide  and  as 


long  as  the  stope,  shows  in  the  roof,  while  the  floor  is  in  unfissured 
Blue  limestone.  This  fissure  in  the  roof,  though  by  no  means  a 
proof,  gives  a  hint  as  to  the  direction  in  which  the  origin  of  the  ore 
is  to  be  sought. 


152      THE   SILVER-MINES   OF    LAKE    VALLEY,    NEW    MEXICO. 

Twenty- Five  Cut,  next  on  the  section,  shows  an  opening  50  feet 
wide  and  25  feet  deep,  in  which  the  ore  was  found  in  a  solid  body. 
It  was  not  of  specially  high  grade,  and,  from  the  traces  left  on  the 
walls,  must  have  been  very  siliceous. 

To  the  south  of  Twenty-Five  Cut  the  Crinoidal  limestone  appears, 
and  a  little  ore  has  been  taken  out  of  the  Blue  limestone  imme- 
diately under  the  contact,  at  which  point  the  ore-chute  is  cut  off,  and 
is  not  again  met  with  on  this  section.  One  hundred  and  thirty-seven 
feet  along  the  dip  the  section  cuts  the  Carolina  middle  level,  which, 
at  this  point,  is  in  Blue  limestone, a  short  distance  below  the  contact; 
and  75  feet  further  the  Carolina  lower  level  is  crossed,  still  in  the 
Blue  limestone.  An  upraise  from  this  point  was  driven  across  the 
contact  into  the  Crinoidal  limestone  without  finding  ore,  stopping 
about  45  feet  from  the  rhyolite  which  it  was  intended  to  reach. 

Section  QR,  Fig.  3,  begins  on  the  Boiler-shaft  fault,  which  has  a 
throw  of  b'5  feet.  The  shaft  was  sunk  a  number  of  years  ago  and 
reached  a  depth  of  103  feet,  having  passed  through  the  mud  filling, 
incident  to  the  fault,  and  ending  in  the  Nodular,  which,  at  this 
point,  was  slightly  mineralized  with  pyrites  and  a  trifling  amount 
of  galena. 

A  lease  was  taken  in  1892  on  this  shaft,  and  it  was  sunk  72  feet 
deeper,  penetrating  the  green  shales  to  a  depth  of  37  feet.  As  might 
have  been  expected,  nothing  was  found  at  a  depth  of  162  feet  below 
the  ore-bearing  contact.  One  hundred  and  twenty-five  feet  from  the 
Boiler  shaft,  the  workings  of  Twenty-Five  West  showed  ore,  and  close 
by  we  find  Thirty  Stope,  87  feet  long  and  8  to  12  feet  high,  of  solid 
ore.  This  stope  occupies  a  space  in  the  Blue  limestone,  and  has  the 
Crinoidal  limestone  for  a  roof  over  its  entire  extent.  The  section 
then  cuts  the  upper  level  where,  on  the  contact,  a  large  body  of  sili- 
ceous iron  was  found,  but  little  of  which  was  of  sufficient  richness 
in  silver  for  shipment  as  ore.  The  middle  level,  as  well  as  the  two 
branches  of  the  lower  level,  are  on  the  contact;  the  rhyolite  cutting 
off  the  limestone  at  a  further  distance  of  20  feet. 

Section  ST,  Fig  4,  shows  the  ore  first  at  Thirty  Stope,  where  it 
outcropped  in  places,  or  was  covered  with  a  thin  shell  of  Crinoidal 
limestone.  The  stope  is  125  feet  long  on  the  line  of  section,  and  12 
to  37  feet  thick,  carrying  solid  but  siliceous  ore.  The  Crinoidal 
limestone  overlies  Thirty  Stope  on  this  section  for  its  entire  length, 
dipping  at  a  much  steeper  angle  as  it  proceeds  to  the  southward. 
Fifty  feet  from  Thirty  shaft,  the  ore-chute  is  cut  off  abruptly,  and 
although  an  incline  was  driven  along  the  contact  of  the  two  lime- 
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stones  to  a  point  near  the  Carolina  shaft,  where  the  rhyolite  was 
met,  and  the  middle  level  was  driven  under  Thirty  Stope  for  a  dis- 
tance of  one-half  its  length,  the  ore  appears  to  have  been  cut  off  on 
all  sides,  as  nothing  more  of  it  was  found. 
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The  Carolina  shaft  is  125  feet  from  Thirty  shaft,  and  118  feet 
deep,  the  rhyolite  occupying  the  first  62  feet,  and  the  remaining  56 
feet  being  Crinoidal  and  Blue  limestone.     Its  lower  level  is  driven 
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along  the  limestone-rhyolite  contact,  having  Blue  limestone  on  the 
west,  and  rhyolite  on  the  east;  and  a  branch-level  has  penetrated 
the  rhyolire  for  25  feet. 

Section  UV,  Fig.  5,  shows  Thirty  Cut,  where  a  body  of  ore,  62 
feet  long  by  15  feet  thick  was  mined.  It  filled  a  depression  in  the 
Blue  limestone;  and  the  section  is  notable  for  the  fact  that  the 
porphyrite  is  shown  for  the  first  time,  the  section  cutting  it  at 
the  point  where  it  is  making  its  right-angle  turn  from  south  to 
east.  The  Carolina  lower  level,  the  eastern  end  of  which  is  cut  in 
this  section,  finishes  in  rhyolite,  which  continues  to  the  end  of  the 
section. 

Section  W  X,  Fig.  6,  cuts  the  thin  flow  of  porphyrite  which  over- 
lies the  Blue  limestone,  and  which  covers  the  Bridal  Chamber.  This 
remarkable  deposit  was  contained  in  a  depression  in  the  Blue  lime- 
stone, and  shows  on  the  section  as  104  feet  long  by  20  feet  thick. 
The  line  of  section,  which  is  drawn  through  the  Joint  and  Roberts 
shafts,  passes  through  the  western  portion  of  the  Chamber,  the  total 
size  of  which  may  be  given  as  100  feet  sopiiare,  with  a  thickness  of 
from  10  to  20  feet.  This  space  contained  horn-silver,  much  of  which 
was  so  pure  that  it  was  sawed  and  cut  out  in  blocks,  instead  of  being 
blasted.  The  exact  yield  of  the  Bridal  Chamber  is  not  known  ;  but 
from  the  available  figures  the  production  may  safely  be  put  down  as 
2,500,000  ounces  of  silver,  which  is  probably  more  than  was  ever 
taken  out  of  a  pucket  of  the  same  size.  The  Roberts  shaft  cuts 
through  31  feet  of  porphyrite,  and  is  connected  with  the  Bridal 
Chamber  by  a  drift  50  feet  long  through  Blue  limestone;  this  shaft 
ends  in  the  Nodular  limestone  at  a  depth  of  86  J  feet.  No.  1 1  shaft 
cuts  through  40  feet  of  porphyrite,  and  ends  in  the  Blue  limestone 
at  92  feet.  Beyond  this  shaft  the  Crinoidal  limestone  is  exposed  for 
37  feet,  to  a  point  where  it  is  cut  off  by  the  rhyolite. 

Section  YZ,  Fig.  7,  marks  the  eastern  limit  of  the  knowu  ore- 
deposits  on  the  Grande.  At  the  north  end  of  the  section,  the  ore 
was  found  on  the  surface,  and  considerable  amounts  were  quarried 
and  shipped  from  this  point.  The  contact  then  gradually  descends 
until,  at  the  Daly  shaft,  a  fair-sized  pocket  was  found  at  a  depth  of 
50  feet,  the  walls  of  which  have  not  yet  been  entirely  cleaned  of 
ore,  although  the  recent  yield  has  been  but  moderate.  The  Office 
shaft  is  137  feet  south  of  the  Daly  shaft,  and  is  120  feet  deep,  the 
Blue  limestone  having  taken  a  steeper  dip.  The  Office  workings 
have  been  connected  with  the  Daly  workings  by  a  drift  and  upraise 
passing  through  the  Nodular  without  finding  ore.      The  short  drifts 
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and  incline  near  the  bottom  of  the  Office  shaft  show  ferruginous 
flint  in  quantity,  but  without  sufficient  silver  to  make  its  mining 
profitable. 

The  Crinoidal  and  upper  limestones  extend  to  the  southward  112 
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feet  from  the  Office  shaft,  where  the  small  and  narrowing  porphyrite 
is  met  in  a  trough  50  feet  wide  and  28  feet  deep,  through  which 
Office  shaft  No.  2  has  been  sunk  into  the  Crinoidal  limestone.  Be- 
yond this  porphyrite,  the  highest  member  of  the  sedimentary  series, 
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the  topmost  limestone  is  met,  and  continues  for  62  feet,  until  cut  off 
by  the  rhyolite. 

This  topmost  limestone  is  of  a  lighter  blue-gray  color  than  the 
Blue  limestone,  is  thickly  bedded,  and  occurs  at  two  points  only  in 
the  district,  distinctly  at  the  point  already  mentioned  and  indistinctly 
on  the  summit  of  Apache  Hill.  Erosion  has  caused  its  disappear- 
ance in  all  other  parts  of  the  area  examined. 

2.  The  Bella  Workings. 

The  Bella  workings,  as  before  mentioned,  consist  of  the  Em- 
poria Incline,  the  Bunkhouse,  Harrison,  Strieby  and  Bella  Chute, 
and  the  LasfChance  workings.  The  first  four  of  these  are  shown 
in  the  map,  Plate  III.,  and  section,  Fig.  8.  On  this  map  the 
porphyrite  forms  the  northwestern  boundary,  and  is  about  equal 
in  area  to  the  ground  from  which  ore  has  been  mined.  The  gen- 
eral parallelism  of  the  trend  of  this  porphyrite  to  the  ore-chutes 
is  noticeable.  The  workings  from  the  Bunkhouse  shaft  are  in  an 
"L "-shaped  pocket,  the  upright  portion  of  the  "  L"  underlying  the 
porphyrite,  and  the  horizontal  portion  going  off  in  the  form  of  a 
chute  along  the  contact  between  the  Crinoidal  and  Blue  limestones 
to  points  where  it  is  connected  with  the  Incline  and  the  Harrison 
workings.  The  Emporia,  Harrison,  and  Bella  workings  form  a 
single  chute,  lying  strictly  along  the  contact  between  the  two  lime- 
stones (Fig.  8).  The  Incline  ore-body  begins  as  a  narrow  chute, 
which  was  covered  by  a  few  feet  of  wash,  and  continues  easterly,  for 
400  feet,  to  the  bottom  of  the  basin,  where  the  ore  is  found  at  a  depth 
of  150  feet  from  the  surface,  the  deepest  point  in  the  district  from 
which  ore  has  been  mined.  The  chute  then  bends  sharply  towards 
the  northeast,  rising  gradually  for  250  feet  along  the  Harrison  work- 
ings, being  69  feet  from  the  surface  and  125  feet  from  the  porphyrite. 
Again  turning  towards  the  east,  it  forms  two  large,  almost  cylindrical, 
level  troughs,  directly  under  the  contact  and  in  the  Blue  limestone. 
This  course  it  continues  for  450  feet,  until  it  is  cut  off  by  the  Colum- 
bia fault.  Along  the  Bella  chute,  the  rise  of  the  deposit  and  the  fall 
of  the  ground  bring  the  ore  to  within  from  25  to  40  feet  of  the  surface. 
The  Incline  ore,  especially  in  the  higher  parts  of  the  chute,  has  gen- 
erally contained  merchantable  quantities  of  lead.  It  was  low  in  iron, 
somewhat  higher  in  manganese,  with  sufficient  silica  to  make  it  a 
neutral  ore. 

The  central  portion  of  the  Bunkhouse,  at  the  angle  of  the  "  L," 
contained  much  horn-silver;  the  other  portions  yielded  a  basic  ore 
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with  some  iron,  high  in  manganese  and  very  low  in  silica.  The  eastern 
workings  along  the  contact  yielded  an  ore  low  in  silver  and  silica, 
but  so  high  in  iron  and  manganese  that  it  was  much  sought  after  as 
a  flux;  and  at  present  the  iron  and  manganese  waste  is  being  assorted 


from  the  dump,  and  sold  advantageously  as  a  flux  for  the  siliceous 
ores  of  Hillsboro. 

Section  AB,  Fig.  9,  shows  the  overflow  of  porphyrite  through 
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which  the  Roberta  shaft  has  been  sunk  54  feet,  and  a  drift  driven  to 
the  eastward,  cutting  the  Crinoidal  limestone  in  its  course,  and  ter- 
minating in  the  same  formation.  An  upraise  was  driven  from  the 
northwest  stope  along  the  contact  of  the  limestones,  connecting 
with  the  Roberta  drift. 

The  Incline  northwest  stope  was  another  large  cylindrical  trough, 
lying  principally  in  the  Blue  limestone,  but  opening  out  to  double 
size  where  it  met  the  Crinoidal.  The  ore-body  here  was  15  feet 
high,  averaging  about  the  same  width,  and  yielded  a  large  quantity 
of  neutral  ore,  considerably  above  the  shipping  standard  in  value. 
Seventy-five  feet  from  the  main  stope  of  the  Incline,  this  chute  was 
cut  off  abruptly  against  a  wall  of  limestone. 

The  width  of  the  main  ore-chute  along  this  section  is  87  feet,  and 
on  the  southeastern  side  the  contents  in  silver  are  sharply  cut  off, 
the  iron-flint  continuing  in  places  along  the  contact  on  No.  2  incline 
for  165  feet,  but  too  low  in  silver  to  be  mined  as  ore.  From  the 
John's  shaft,  on  the  southeastern  side  of  the  section,  which  has  a 
depth  of  158  feet,  a  drift  was  driven  close  to  the  contact  for  237 
feet,  connecting  with  the  bottom  of  No.  2  incline.  Two  large  chutes 
of  ferruginous  flint,  each  about  25  feet  in  width,  were  cut  along  this 
drift;  but  although  all  the  iron  contained  tracps  of  silver,  no  pay- 
ore  was  found. 

The  formation  maintains  a  dip  of  12°  to  the  bottom  of  No.  2  in- 
cline, where  it  rises  slightly,  and  continues  nearly  level  to  the  foot 
of  the  John's  shaft. 

Section  CD,  Fig.  10,  shows  the  porphyrite,  and,  directly  under 
the  wagon-road,  a  pipe  of  ore  13  feet  wide  and  6  feet  high.  This, 
as  is  shown  on  the  map,  connects  the  northwest  stope  of  the  In- 
cline with  the  Bunkhouse  workings.  This  pipe  is  remarkable  as 
being  entirely  in  the  Blue  limestone,  close  to  the  Nodular.  For  75 
feet  after  leaving  the  northwest  stope  it  consists  of  a  single  pipe; 
but  at  that  distance  it  separates  into  three,  two  paralleling  the  main 
chute  of  the  Bunkhouse  workings,  and  the  other  entering  them  at  a 
right-angle.  During  a  space  of  three  years  this  was  the  only  in- 
stance where  the  writer,  in  conducting  mining  operations,  had  both 
ends  of  an  ore-body  at  the  same  time.  This  deposit  was  in  the  nature 
of  a  channel  or  water-course,  the  center  of  which  formed  a  long 
cavern,  and  the  roof,  floor  and  sides  were  in  ore. 

The  Incline  stope  on  this  section  shows  a  gentle  dip.  No.  2  In- 
cline shows  at  the  base  of  the  Blue  limestone,  and  a  winze  from  it 
was  sunk  12  feet  in  the  Nodular.     From  this  point  the  contact  lies 
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almost  level  until  the  section  terminates  at  the  east  drift  of  the 
John's  shaft. 

Section  E  F,  Fig.  11,  shows  the  Bunkhouse  shaft,  sunk  through 
54  feet  of  porphyrite.  At  this  distance  a  short  drift  to  the  westward 
cut  the  Nodular.  A  drift  to  the  south  westward  opened  the  Bunk- 
house  workings,  where,  along  this  line  of  section,  the  ore-body  was 
100  feet  long,  with  an  average  thickness  of  20  feet  and  a  maximum 
of  31  feet.  Between  the  Bunkhouse  workings  and  the  Incline  stope 
a  barren  pillar  of  Blue  limestone  was  left,  which  was  followed  by 
162  feet  of  high-grade  ore.  This  has  been  mined  during  the  last 
two  years. 

At  the  east  drift  the  Incline  chute  turns  to  the  northeast,  forming 
the  Harrison  workings.  The  barren  contact  continues,  with  a  slight 
dip,  to  the  bottom  of  the  basin,  and  is  then  nearly  level  until  cut  by 
the  East  drift  of  the  John's  shaft,  at  which  point  no  ore  was  found. 

Section  GH,  Fig.  12,  begins  in  the  Blue  limestone,  cuts  through 
the  overflow  of  porphyrite  which  covered  the  Bunkhouse  stope,  the 
workings  of  which  extend,  with  lessened  silver-contents,  under  the 
Crinoidal  limestone,  to  the  air-shaft,  near  which  point  a  chute  was 
followed  well  into  the  Blue  limestone.  This  chute  corresponds  with 
the  one  mentioned  under  Section  CD.  Continuing,  the  ore  along 
the  Harrisou  chute  overlies  the  contact  in  the  Crinoidal  limestone, 
but  drops  into  the  Blue  limestone  on  reaching  the  Incline  stope.  The 
various  workings  around  the  east  drift  show  the  ore  to  be  cut  off  in 
this  direction,  and  nothing  has  been  found  to  the  southeast. 

Section  I  J,  Fig.  13,  begins  at  the  Morgan  shaft,  sunk  in  Blue 
limestone,  passes  by  the  Round  shaft,  which  is  sunk  through  the 
porphyrite  and  into  the  Blue  limestone  at  a  depth  of  75  feet,  and 
meets  the  workings  of  the  Bunkhouse,  which  lie  under  both  the 
Crinoidal  limestone  and  the  porphyrite.  In  the  vicinity  of  the  air- 
shaft  the  ore-body  lies  in  the  Crinoidal  lime ;  but  on  reaching  the 
Incline  workings,  it  sinks  under  the  contact.  At  the  easf  drift,  the 
ore  is  cut  off,  and  the  various  upraises  and  winzes  failed  to  discover 
it.  Nothing  was  found  at  the  John's  shaft  east  drift,  at  the  end  of 
the  section. 

Section  KL  (Fig.  14),  shows  but  little  ore.  The  porphyrite 
here  widens  to  its  maximum  width.  Comparatively  small  amounts 
of  ore  have  been  found  in  the  Strieby.  The  porphyrite  has  been 
well  explored  by  drifts,  by  the  Strieby  winze  (which  reached  the 
Blue  limestone  at  125  feet  from  the  surface),  and  by  the  north  shaft, 
connected  with  the  Bunkhouse  workings. 
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Ore  shows  in  the  Harrison  stope,  and,  to  a  small  extent,  in  two 
other  drifts  along  the  section,  in  both  instances  of  a  rather  low  grade. 

Plate  IV.  shows  the  complete  underground  workings.  Those  re- 
maining undescribed  are  the  Strieby,  Columbia,  Last  Chance, 
Apache,  and  one  joining  the  Bacon  claim.  The  Strieby  workings 
consist  of  a  tangle  of  shafts,  drifts  and  inclines,  with  but  little 
stoping.  They  are  in  the  limestones,  underlie  the  porphyrite  and 
have  yielded  ore  in  minor  quantities.  The  Columbia  workings  lie 
at  a  distance  of  only  20  feet  from  the  surface,  and  little  is  known  of 
their  production,  except  that  tradition  tells  of  a  cart-load  of  ore  which 
yielded  $20,000. 

The  Last  Chance  workings  are  a  quite  recent  development.  The 
discovery-shaft  is  situated  125  feet  north  of  the  Bella  Chute.  In  the 
shaft  a  body  of  manganese-ore  was  struck  on  the  contact,  at  a  depth 
of  14  feet.  The  workings  showed  a  main  chute  running  to  the 
westward,  and  a  subordinate  one  that  left  the  main  chute  and  curved 
back  into  it  at  a  distance  of  50  feet.  The  Last  Chance  ore-body  was 
struck  at  the  richest  and  most  basic  point.  It  contained  at  the  shaft 
considerable  horn-silver,  little  silica  and  a  large  percentage  of  man- 
ganese and  iron  ;  but  at  a  distance  of  50  feet  from  the  shaft,  the  sil- 
ver-, iron-  and  manganese-contents  had  decreased,  and  the  silica-con- 
tents increased,  so  that  it  was  not  salable  as  a  flux  ;  and  at  87  feet 
from  the  shaft,  the  silver-contents  were  so  low  and  the  silica  so  high, 
that  it  was  no  longer  profitable  to  mine. 

The  Columbia  and  Last  Chance  claims  show  what  is  known  as 
the  Columbia  slip  or  fault.  This  is  an  upthrow  of  the  Blue  lime- 
stone, which  first  shows  at  the  dwellings  on  the  wagon-road  leading 
to  the  limestone-quarry,  then  curves  to  the  southward,  passing 
through  the  Columbia  workings,  where  the  Crinoidal  is  found 
abutting  against  the  Blue  limestone.  It  passes  by  the  Last  Chance 
workings,  cutting  off  the  extension  of  ore  to  the  eastward,  and  con- 
tinues to  the  south,  cutting  and  terminating  the  Bella  Chute  in  its 
progress. 

3.  The  Apache  Workings. 

The  workings  on  the  Apache  have  been  principally  for  iron  flux, 
the  silver-contents  in  general  having  been  very  low.  The  ore  lies 
close  to  the  surface,  and  has  sometimes  been  quarried,  and  some- 
times mined,  leaving  a  shell  of  hanging-wall.  Shafts  sunk  in  the 
workings  of  this  claim  show  considerable  bodies  of  siliceous  iron, 
containing  but  few  ounces  of  silver  to  the  ton. 

Close  to  the  Bacon  claim,  ore  was  taken  out   to  the  extent  of 
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30,000  ounces.  The  ore  was  found  in  its  usual  place  on  the  contact 
between  the  Blue  and  Crinoidal  limestone,  but  the  porphyrite  which 
generally  occurs  near  the  ore,  was  lacking  at  this  point. 

The  contact  of  the  two  limestones  continues  to  the  northeast  from 
the  Bacon. 

Much  money  has  been  expended  here  in  the  sinking  of  prospect- 
shafts,  and  at  places  along  this  contact  the  iron  flint  is  very  well  de- 
veloped ;  but  with  the  exception  of  float  taken  from  the  surface,  no 
ore-shipments  have  ever  been  made. 

The  average  assay  and  analysis  of  4000  tons  of  ore,  a  year's 
shipment  by  the  company  during  the  writer's  administration,  was: 

Silver, 47.7  oz.  per  ton. 

Lead, Trace. 

Silica, 28.5  per  cent. 

Iron, 13.9         " 

Manganese, 18.2         " 

Zinc, 4.0 

This  sample  represents  principally  the  Incline  and  Bunkhouse, 
with  some  ore  from  Thirty  Stope  and  Twenty-Five  Cut. 

Theory  of  the  Ore- Formation. 

It  has  been  held,  almost  from  the  time  of  their  discovery,  by  those 
familiar  with  the  deposits  of  silver-ore  at  Lake  Valley,  that  ihe  ore 
must  have  come  up  in  solution  from  below ;  that  it  came  along  the 
"blanket"  of  iron-flint;  and  that  it  was  in  some  way  dammed  up 
or  stopped  by  the  overflow  of  porphyrite,  which  may  be  said,  in  a 
general  way,  to  overlie  the  outcrop  of  the  "blanket."  On  the 
strength  of  this  hypothesis,  numerous  diamond-drill-holes  and  shafts 
have  been  sunk,  and  those  that  were  continued  to  a  sufficient  distance 
(seldom  more  than  150  feet)  have  encountered  the  iron-flint  blanket, 
but  invariably  with  its  silver-contents  lacking. 

A  later  and  more  probable  hypothesis  is  that  the  silver  of  the 
mines  was  originally  contained  in  a  great  overflow  of  silver-bearing 
porphyrite,  perhaps  coming  from  Monument  Peak,  which  covered  a 
square  mile  or  more  in  the  immediate  vicinity  of  the  mines.  In  the 
erosion  of  this  porphyrite,  the  silver  in  it  was  leached  out,  the  greater 
portion  segregating  itself  in  the  Bridal  Chamber  and  the  workings 
connected  with  it,  and  the  remainder  going  to  the  Bunkhouse  and  the 
connected  Incline  and  Bella  workings.  The  greatest  distance  that 
any  large  body  of  ore  has  been  found  from  the  line  of  the  porphyrite 
is  500  feet,  and*  most  of  the  workings  are  within  200  feet  of  that 
line. 
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The  writer's  own  observations  have  shown  him  that  at  a  distance 
of  about  250  feet  from  the  porphyrite,  the  ore  rapidly  decreases  in 
grade,  and  that  at  a  distance  of  300  feet  there  is  little  that  can  be 
profitably  shipped.  The  Bunkhouse  workings  appear  to  have  been 
a  cavern,  in  which  the  ore  was  deposited  rapidly,  and  not  by  the 
slower  process  of  a  dissolution  of  the  limestone  and  a  synchronous 
substitution  of  the  silver-bearing  manganese.  In  many  places  in 
this  working  the  manganese  is  pulverulent  and  non-adherent  to  the 
limestone  walls;  and  when  thoroughly  cleaned  off  by  brushing,  the 
face  of  limestone  has  precisely  the  same  weathered  appearance  as 
that  of  an  outcrop,  and  looks  as  though  it  had  been  freely  acted  upon 
by  the  atmosphere,  possibly  assisted  by  the  rays  of  the  sun.  Some- 
thing of  the  same  sort  may  be  studied  in  the  Last  Chance  workings 
at  a  depth  of  20  feet  from  the  surface,  while  the  Bunkhouse  work- 
ings lie  at  a  depth  of  from  50  to  60  feet. 

The  evidences  of  a  previous  cavern  or  cavity  in  the  Blue  lime- 
stone at  the  Bridal  Chamber  are  not  so  marked,  but  the  indications 
are  such  that  in  the  writer's  opinion  a  comparatively  rapid  deposi- 
tion appears  more  probable  than  a  gradual  substitution,  such  as  was 
very  likely  the  case  in  the  Incline  workings,  the  Bella  Chute,  the 
Thirty  Stope,  and  Twenty-Five  Cut  workings. 

In  a  property  of  the  extent  of  the  Lake  Valley  mines,  which  has 
yielded  at  least  85,000,000,  there  always  remains  the  possibility  of 
new  finds  through  the  expenditure  of  small  amounts  of  money.  The 
contact  between  the  two  limestones  is  an  established  fact;  and  there 
are  but  few  places  on  the  southeastern  portion  of  the  property  where 
this  contact  cannot  be  reached  at  the  moderate  depth  of  150  feet. 
Thus  far,  the  explorations  made  at  a  distance  from  the  porphyrite 
have  been  barren  of  commercial  results ;  but  from  the  occurrence  of 
the  ore  in  chutes,  which,  although  constituting  a  part  of  the 
"  blanket,"  vary  in  width  (being  generally  narrow  close  to  the  sur- 
face and  widening  in  depth),  it  is  possible  that  large  bodies,  some- 
what of  the  nature  of  the  Incline  or  the  Bella  Chute,  may  still  exist 
in  the  unexplored  portions  of  the  property. 

The  occurrence  of  new  bonanzas,  such  as  the  Bridal  Chamber  and 
the  Bunkhouse,  is  scarcely  to  he  expected,  as  the  conditions  under 
which  they  appear  to  have  been  formed — viz.,  the  triple  contact 
of  the  Blue  and  Crinoidal  limestones  and  the  porphyrite — are  not 
known  to  exist  at  any  points  as  yet  unexplored,  and  the  overflow  of 
porphyrite  has  been  so  thoroughly  prospected  as  to  leave  but  little 
unexplored  ground  of  that  class. 
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The  most  promising  quarter  for  further  exploration  would  seem 
to  be  the  extension  of  the  Grande  chute  at  some  point  south  of  the 
John's  shaft  workings,  where,  as  before  mentioned,  large  chutes  of 
iron-flint,  too  low  in  silver  for  profitable  working,  were  cut.  Other 
points  which  should  be  prospected  are  the  extension  of  the  Incline 
Chute,  south  of  the  Bella  Chute,  and  the  extension  of  the  Bella 
Chute  beyond  the  point  where  it  has  been  cut  off  by  the  Columbia 
fault. 

Company  work  by  day's  labor  in  the  mines  was  stopped  in  August, 
1893,  on  account  of  the  low  price  of  silver,  and  at  the  present  writ- 
ing has  not  been  resumed. 


A  CONVENIENT  STILL  FOR  THE  LABORATORY. 

BY    CHARLES  E.    WAIT,    PII.D.,   F.C.S.,    UNIVERSITY    OP    TENNESSEE, 
KXOXVILLE,  TENN. 

(Virginia  Beach  Meeting,  February,  1894.) 

In  the  use  of  the  apparatus  purchased  for  the  new  chemical  labor- 
atories of  the  university,  no  piece  has  given  us  more  satisfaction,  or 
has  been  a  greater  success,  than  a  new  still  which  is  the  subject  of 
this  paper.  In  the  designing  of  this  still  I  had  two  definite  objects 
in  view ;  one,  the  utilizing  of  steam  from  the  large  60  horse-power 
boiler  used  in  heating,  the  building,  and  the  other,  a  provision  for 
making  distilled  water  with  gas,  when  steam  from  the  heating-plant 
was  not  available.  The  still  is  encased  in  wrought-iron,  with  a 
lining  of  asbestos,  and  is  provided  with  a  float  which  automatically 
regulates  the  flow  of  water  from  the  supply-pipe.  It  was  made  for 
me  by  G.  J.  Miirrle,  Pforzheim,  Germany,  and  was  imported  by 
Messrs.  Eimer  &  Amend,  of  New  York  City.  It  is  a  beautiful 
piece  of  apparatus,  and  the  workmanship  is  excellent  in  every  detail. 
The  essential  parts  of  this  apparatus  will  be  understood  by  consult- 
ing the  accompanying  figures,  but  a  few  words  of  explanation  may 
be  appropriate.  The  still  has  a  capacity  of  seven  gallons,  and  is 
made  of  heavy  copper,  tin-lined.  It  has  a  water-gauge  showing 
the  height  of  the  water  in  the  still,  also  an  exit  for  steam,  and  safety- 
valve,.  V;  inlet  for  steam  through,  a  coiled  perforated  block-tin  pipe; 
also  an  outlet,  O,  for  cleaning  out  the  still ;  and  there  is  also  a  heavy 
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disc  gas-burner.  There  is  a  conveniently  arranged  drying-oven  and 
a  large  condenser,  carrying  two  block-tin  worms,  one  direct  from  the 
still,  the  other  from  the  oven,  both  delivering  water  to  a  carboy  resting 
on  the  floor.  When  steam  is  taken  from  the  large  boiler,  provision 
is  made,  by  an  arrangement  seen  in  Fig.  2,  located  at  Z,  beneath  the 
floor,  to  cleanse  the  steam,  before  it  reaches  the  still,  from  the  water 
mechanically  carried  into  the  pipes.  The  water  returns  to  the  boiler, 
while  the  steam  passes  to  the  still.  By  the  arrangement  of  the  steam- 
valves,  S,  it  is  possible  to  deliver  the  steam  to  the  empty  still,  where  it 
is  again  washed,  and  may  then  be  passed  either  to  the  oven  or  direct  to 
the  condenser  or  to  both.  Or  the  steam  from  the  boiler  may  be  taken 
direct  to  the  oven  or  to  the  condenser  or  to  both.  When  a  small 
quantity  of  steam  is  admitted  to  the  still,  most  of  the  distilled  water 
is  condensed  in  the  oven  and  is  caught  in  a  copper  tin-lined  vessel 
underneath,  through  the  valve,  M,  a  part  passing  to  the  condenser, 
and  then  to  the  glass  vessel,  from  which  it  may  be  forced  to  the  car- 
boy above.  When  there  is  no  steam  in  the  large  boiler,  gas  is  used, 
the  water  being  kept  in  the  still  at  a  constant  level  by  the  automatic 
arrangement  before  mentioned  and  seen  in  the  sketch.  In  this  case 
the  steam  may  be  passed  to  the  drying  oven  or  to  the  condenser 
direct  or  to  both,  as  heretofore  mentioned.  In  the  case  of  gas  alone, 
the  still  has  a  capacity  of  about  26  gallons  of  distilled  water  per  day, 
while  with  steam  from  the  boiler,  at  a  pressure  of  5  pounds,  I  have 
made  distilled  water  at  the  rate  of  112  gallons  per  day.  A  conve- 
nient system  of  piping  has  been  arranged  for  supplying  water  to  the 
still  and  condenser,  to  the  latter  at  N,  and  under  control  of  valves, 
W,  as  seen  in  the  sketch.  The  still  and  condenser  are  both  connected 
with  the  waste,  and  may  be  emptied  and  cleaned  when  necessary. 
Other  details  of  this  apparatus  are  shown  in  the  drawings.  As  I  have 
used  this  still  constantly  for  a  year,  and  fully  appreciate  its  merits  and 
good  points,  I  have  no  hesitation  in  recommending  the  design  to 
those  who  may  wish  a  still  for  the  purposes  for  which  this  one  is 
used. 
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BENJAMIN  HUNTSMAN,  OF   SHEFFIELD,   THE  INVENTOR 
OF  CRUCIBLE  STEEL. 

BY  R.    A.    HADFIELD,   SHEFFIELD,   ENGLAND. 
(Virginia  Beach  Meeting,  February,  1894.) 

The  present  tribute  to  a  great  pioneer  in  the  steel  industry,  with 
the  accompanying  remarks  upon  the  town  of  Sheffield,  which  has 
remained  to  this  day  what  his  invention  made  it,  an  important  center 
of  that  industry,  originally  formed  a  part  of  the  paper  on  "Iron 
Alloys,"  prepared,  at  the  invitation  of  the  Council  of  the  Institute, 
for  the  Chicago  meeting  of  August,  1893.  That  paper,  begun  with 
the  intention  of  dealing  with  many  alloys  of  iron,  became,  of  neces- 
sity, through  the  limitations  of  time  on  the  part  of  the  writer  and  of 
space  in  the  Transactions  of  the  Institute,  mainly  a  discussion  of  the 
principal  modern  commercial  alloy  of  iron,  manganese-steel ;  and 
much  introductory  and  general  matter  was  consequently  omitted. 
The  Secretary  suggested,  however,  that  this  particular  portion  would 
be  interesting  and  appropriate  as  a  separate  contribution,  and  I  there- 
fore present  it  as  such,  offering  the  foregoing  statement  simply  as  an 
explanation  of  its  incomplete  character.  If  I  had  undertaken  to 
write  a  paper  upon  this  subject  alone,  I  should  have  felt  myself 
bound  to  bestow  upon  it  more  elaborate  research  and  to  treat  it  with 
more  abundant  details. 

It  was  in  the  immediate  neighborhood  of  Sheffield  that  the  first 
successful  process  for  the  fusion  of  steel  on  a  commercial  scale  saw 
the  light.  The  late  Dr.  Percy,  a  leading  authority  in  general  metal- 
lurgy, says : 

"  Formerly,  so  far  as  I  am  aware,  steel  was  never  melted  and  cast  after  its  pro- 
duction ;  and  in  only  one  instance,  viz.,  that  of  wootz  was  it  ever  molten  during 
its  production Now,  by  the  fusion  and  casting  of  steel  after  its  pro- 
duction its  heterogeneousness  is  remedied,  and  ingots  of  the  metal  maybe  procured 
of  perfectly  uniform  composition  throughout;  and  for  the  practical  solution  of  this 
important  problem  we  are  indebted  to  Benjamin  Huntsman,  of  Sheffield." 

As  a  recent  American  journal  appropriately  remarks: 

"Huntsman's  patient  efforts,  at  last  rewarded  with  success,  entitle  him  to  an  ele- 
vated niche  among  the  heroes  of  industry.     The  invention  of  cast-steel  was  second 
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in  importance  to  no  previous  event  in  the  world's  history,  unless  it  may  have  been 
the  invention  of  printing." 

This  citizen  of  Sheffield  was  born  in  1704,  his  parents  being  na- 
tives of  Holland,  who  came  over  and  settled  in  England.  He  be- 
longed to  that  sturdy  religious  persuasion,  the  Quaker  body,  which 
has  done  much  for  Great  Britain,  as  it  has  for  a  large  State  in 
America,  interested  in  the  iron  and  steel  manufacture.  His  charac- 
ter is  shown  by  the  fact  that  he  would  not  allow  any  portrait  to  be 
taken  of  himself,  and  he  refused  an  offer  to  be  made  a  member  of 
the  Royal  Society  in  1750,  when  his  fame  had  already  begun  to* 
spread. 

The  writer  has  had  the  pleasure  of  knowing  both  the  great-grand- 
son (recently  deceased)  of  Benjamin  Huntsman  and  also  the  present 
head  of  the  business  and  fourth  lineal  descendant,  Mr.  Frank  Hunts- 
man. The  latter  successfully  carries  on  the  manufacture  of  the  high- 
est qualities  of  Huntsman's  Cast-Steel,  the  name  of  which  still  stands 
in  the  first  rank  for  quality,  a  striking  example  of  continuous  success 
in  a  business  which  is  founded  on  the  production  of  an  article  of  the 
highest  and  best  character.*  Not  many  of  us  can  go  back  four 
generations  to  the  origin  of  our  business. 

As  some  readers  of  this  paper  may  not  be  aware  why  the  first 
production  of  steel  alloys  occurred  in  the  neighborhood  of  Sheffield, 
a  brief  account  of  this  region  and  of  Huntsman's  early  work  may 
be  of  interest. 

For  several  centuries  Sheffield  has  been  famous  for  its  hardware 
productions,  particularly  in  articles  made  of  steel.  Chaucer,  about 
the  end  of  the  fourteenth  century,  spoke  of  Sheffield  "thwytels" 
(from  the  Anglo-Saxon  "thwyten,"  to  cut  or  whittle),  and,  owing 
to  the  city's  favorable  surroundings,  the  trade  grew  to  dimensions 
then  considered  large  and  important.  It  has  been  described  by  some 
as  a  city  founded  upon  seven  hills,  and  although  the  writer  has  never 
yet  been  able  to  see  this  resemblance  to  the  world's  former  metropolis, 
certainly  there  are  plenty  of  hills  and  valleys  in  Sheffield.  The 
latter  naturally  afforded  a  cheap  and  easy  supply  of  water-power 
which,  in  times  past,  contributed  much  to  the  growth  of  the  town. 
To  this  day  its  "  grinding-wheels,"  as  they  are  called,  gradually 
dying  out  with  the  introduction  of  steam-power,  dot  the  streamlets 
here  and  there.     Many  an  American  visitor  would    find   it  interest- 

*  In  the  appendix  is  given  a  copy  of  an  interesting  report  relative  to  the  Hunts- 
man process,  published  March  28,  1792. 
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ing  to  break  his  journey  at  the  good  old  city,  and  see  for  himself 
these  interesting  reminiscences  of  the  past.  Black  as  it  has  been 
painted,  and  dirty  as  it  may  seem  to  one  passing  through  in  the  cars, 
there  is  no  city  more  picturesquely  surrounded — "a  black  picture 
set  in  a  golden  frame,"  as  Lord  Palmerston  said.  There  is  certainly 
no  better  starting-place  for  a  tour  into  the  regions  of  the  Peak  or  to 
such  places  of  interest  as  Chatsworth,  Haddon  and  Hard  wick  Halls, 
Bolsover  Castle,  Edale,  Snake  Inn,  etc.  A  new  branch  of  the  Mid- 
land railroad,  known  as  the  Dore  and  Chinley  Branch,  will  still 
•further  open  up  an  undeveloped  and  interesting  district  not  hitherto 
easily  reached. 

Although  we  cannot  offer  Colorado  Canons,  Pike's  Peaks,  or 
Gardens  of  the  Gods,  or  a  Kansas  prairie,  and  certainly  no  Niagara 
Falls,  there  are  sights  not  unattractive  in  the  High  Peak  district, 
with  its  curious  folk-lore  and  its  general  historical  associations ; 
Dovedale,  where  Izaak  Walton  pursued  the  gentle  sport,  or  the  noble 
domains  of  Chatsworth  or  adjacent  Haddon  Hall,  portions  of  which 
first  saw  daylight  at  least  seven  centuries  ago.  Southeast  of  us  are 
the  noble  ducal  estates  of  Welbeck  and  Clumber,  from  whence  stretch 
the  glades  and  woodlands  of  Sherwood  Forest  for  many  a  mile,  and 
where  once  rang  the  shouts  of  Robin  Hood  and  his  "  merrie  men." 
Most  of  these  are  almost  within  sight  of  Sheffield's  smoky  city.  If 
you  will  not  buy  our  hardware,  we  nevertheless  freely  offer  the 
natural  advantages  we  possess,  and  which  are  only  conferred  on  a 
nation  by  Father  Time. 

In  the  early  part  of  Huntsman's  life,  about  1740,  there  was  one 
great  drawback  in  connection  with  the  development  of  Sheffield. 
All  the  materials  used  had  to  be  imported  either  from  Sweden  or 
Germany.  Importation,  to  an  Englishman,  does  not  at  all  mean 
destruction  to  English  industries,  but  in  this  instance  the  quality  of 
the  imported  article  was  objectionable,  for  it  was  variable. 

Blister-  or  cement-steel  was  imported  from  Germany  and  Sweden, 
or,  in  some  cases,  the  material  obtained  was  a  raw  puddled  or  natu- 
ral steel.  A  considerable  trade  was  also  done  with  Newcastle-on- 
Tvne,  where  several  cementation-furnaces  were  worked,  probably 
because  the  Swedish  bar-iron  more  readily  found  its  way  there,  ow- 
ing to  shipping-facilities.  Whether  these  latter  furnaces  existed 
when  Huntsman  first  commenced  his  experiments  is  not  very  clear; 
but,  in  1774,  M.  Jars,  a  French  expert,  who  visited  England  that 
year,  observed  in  his  interesting  Voyages  Me'tallurgiques:  "There 
are  many  manufacturers  of  iron  and  steel  (cemented)  at  Newcastle- 
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on-Tyne;"  and  it  appears  that  a  considerable  quantity  went  to 
Sheffield. 

Huntsman,  being  a  maker  of  watches  and  clocks,  often  experienced 
much  inconvenience  from  the  irregular  quality  of  the  imported 
blister-steel.  For  fine  work  of  this  class  the  utmost  attention  is  es- 
sential to  ensure  uniformity  of  production. 

He  was  then  settled  in  Dnncaster,  and  from  reported  proofs  of  his 
ingenuity  it  appears  that  he  was  already  known  as  the  "wise  man  " 
of  the  neighborhood.  It  is,  therefore,  not  surprising  to  find  that 
his  active  brain  set  to  work  to  master  the  problem  from  which  we 
to-day  are  reaping  so  great  a  benefit,  namely,  the  production  by  fu- 
sion of  cast-steel. 

From  a  recent  excellent  paper  by  Mr.  L.  H.  Holland,  F.G.S., 
Assistant  Superintendent  of  the  Geological  Survey  of  India,  it  would 
appear  that  Indian  wootz  steel,  usually  found  in  conical  ingots  and 
made  by  the  carburation  of  wrought-iron  crucibles  (so  he  states),  has 
been  made  in  India,  and  most  probably  for  many  centuries,  especi- 
ally in  Trichinopoly. 

Nevertheless,  Huntsman  was  very  clearly  the  first  to  establish  a 
fusion-process  on  something  like  scientific  lines,  and  to  make  it  a 
practical  and  commercial  success.  Smiles,  in  his  Industrial  Biog- 
raphy, gives  an  interesting  account  of  the  discoverer,  giving  him 
the  full  credit  after  very  careful  investigations.  Moreover,  M.  Le 
Play,*  Professor  of  Metallurgy  in  the  School  of  Mines  at  Paris, 
after  very  carefully  weighing  all  the  evidence  obtainable,  stated  that 
without  doubt  the  credit  of  the  invention  belonged  to  Huntsman. 
Finally,  a  controversy  was  conducted  in  the  London  Times,  some 
twenty-five  years  ago,  and  the  discoverer,  as  we  believe,  was  again 
fully  vindicated. 

Difficult  as  must  have  been  the  problem  in  the  then  crudely  de- 
veloped state  of  knowledge,  having  set  his  hand  to  the  plough, 
Huntsman  would  not  turn  back.  The  crux  of  the  difficulty  lay  in 
obtaining  a  fire-clay  that  would  enable  him  to  make  a  vessel  or  cru- 
cible in  which  the  bar-iron  or  cement-steel  could  be  made  molten. 
At  that  time  there  was  practically  no  knowledge  as  to  the  requisite 
chemical  constituents  of  a  fire-resisting  material.  There  was  un- 
certainty as  to  the  character  of  the  materials  to  be  used  in  melting; 
melting-appliances  were  imperfect,  and  there  was  difficulty  in  obtain- 

*  "Me'moire  sur  la  fabrication  de  l'acier  en  Yorkshire"  and  "Memoire  sur  la 
fabrication  et  le  commerce  des  fers  a  aciers  dans  le  Nord  de  1' Europe." — Annates  des 
Mines,  fourth  series,  vols,  ill.,  1843,  p.  583,  and  ix.,  1846,  pp.  113,  209. 
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ing  the  most  suitable  fuels.     These  and  other  obstacles  would  have 
appalled  any  but  the  stoutest  heart. 

Fig.  1. 


Old  Huntsman  Furnaces,  Sheffield. 

Mr.  Frank  Huntsman  has  informed  the  writer  that  evidences  in 
their  works  were  formerly  abundant,  and  even  quite  recently  some 
have  been  discovered,  of  the  large  number  of  experiments  which 
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had  evidently  been  carried  out  in  the  early  stage  of  the  process. 
Buried  salamanders  are  not  unknown  in  the  present  history  of 
metallurgy,  and  those  found  in  the  works  of  Huntsman  are  a  proof 
that  as  now,  so  in  the  past,  success  usually  comes  after  many  trials. 

Huntsman's  first  experiments  were  made  atDoncaster,  a  town  eigh- 
teen miles  from  Sheffield,  to  which  city  he  removed  about  the  year 
1740.  Here  his  further  experimental  work  was  carried  out  at  Hands- 
worth,  a  suburb  of  the  town.  Finally,  he  removed  to  Attercliffe  (Otter- 
on-the-Cliff  *),  a  manufacturing  district  forming  part  of  the  city, 
and  his  works  are  still  in  existence,  considerably  altered  and  en- 
larged, but  situated  in  the  street  known  to  this  day  as  "  Hunts- 
man's Row." 

Through  the  courtesy  of  Mr.  Huntsman  and  the  kindness  of 
Prof.  Arnold,  whose  skill  as  an  amateur  photographer  is  famous  in 
Sheffield,  the  writer  is  able  to  present  a  view  of  part  of  the  original 
works.  These  are  of  special  historic  interest,  showing,  without 
doubt,  as  they  do,  where  crucible  cast-steel  was  first  produced  on  a 
practical  and  commercial  scale. 

Fig.  1  represents  the  cementation-furnaces  practically  as  built 
and  used  by  Benjamin  Huntsman.  As  will  be  seen,  the  design 
differs  in  several  respects  from  those  of  more  modern  construction. 

Withiu  a  few  yards  of  the  works  is  Benjamin  Huntsman's  house, 
where  he  lived  until  his  death  at  the  age  of  seventy-two,  June  20, 
1776.     His  remains  lie  in  the  family  vault  in  Attercliffe  cemetery. 

Fig.  2  is  from  a  photograph  of  Huntsman's  clock,  dating  from 
about  the  year  1750.  The  works  and  face  were  made  by  Benjamin 
Huntsman.  The  steel  employed  in  the  work-,  including  that  of  the 
pendulum-rod,  is  believed  to  be  the  result  of  his  first  successful  ex- 
periments. 

The  following  is  a  remarkable  proof  of  the  high  quality  of  the 
Huntsman  steel.  Some  manganese-steel,  made  by  the  writer's  firm, 
was  supposed  to  exhibit  less  hardness  than  usual.  It  was  hard,  yet 
it  could  be  drilled,  though  very  slowly,  by  a  particular  drill.  On 
inquiry,  it  was  found  that  this  drill,  which  possessed  such  superior 
qualities,  was  made  from  Benjamin  Huntsman's  steel.  The  follow- 
ing was  its  analysis : 

C,  1.40;  Si,  0.17;  S,  0.047;  P,  0.017;  Mn,  0.18  per  cent. 

Mr.  Frank  Huntsman  has  informed  the  writer  that  this  analysis 
*  The  otter,  it  is  unnecessary  to  add,  is  now  about  as  extinct  as  the  dodo. 
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is  typical  of  the  kind  of  steel  produced  at  the  first  inception  of  the 
system  over  a  century  ago,  and  that  the  steel  above  named  is  manu- 

Fig.  2. 


Huntsman's  Clock. 


fact u red   practically  in  the  same   manner  as  then   practiced.     The 
analysis  given  confirms  this  statement,  as  it  will  be  seeu*  that  the 
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manganese  is  exceedingly  low,  showing  no  signs  of  "physic"  or 
other  additions.  It  is  not  intended  to  convey  the  idea  that  the 
carbon-steel  above  named  will  tool  manganese-steel  in  a  manner  ap- 
plicable to  commercial  wants.  A  steel  that  will  do  that  is  still 
lacking.*  Nevertheless,  it  is  a  remarkable  proof  of  the  value  of 
crucible  cast-steel  and  of  the  correctness  of  the  lines  worked  out  by 
Huntsman  as  regards  the  production  of  a  special  quality  of  high- 
class  steel  for  tools  and  other  special  purposes. 

The  Attercliffe  works  supply  to-day  the  world-renowned  steel  of 
the  same  kind  and  produced  by  the  same  methods  as  those  em- 
ployed more  than  a  century  ago.  That  is  to  say,  cement-steel  of  the 
purest  quality  is  made  homogeneous  by  fusion  and  "  refined,"  to  use 
the  old  trade-term.  No  refining  occurs  in  the  true  sense  of  the 
word  ;  but  carbonized  bar,  previously  of  variable  and  heterogeneous 
character  (that  is,  as  regards  carbon-contents),  is  made  by  fusion  ho- 
mogeneous and  applicable  to  a  large  number  of  purposes  for  which, 
previous  to  this  treatment,  it  was  unsuitable.  An  excellent  account 
is  given  of  the  methods  originally  practiced  in  Sheffield  about  1764 
by  M.  Gabriel  Jars,  in  his  Voyages  Metallurgiques,  edited  by  his 
brother,  and  published  in  1774. 

" Blister  steel  is  rendered  more  perfect  by  the  following  operation:  Ordinarily, 
the  scrap  and  cuttings  from  articles  of  steel  are  used.  Furnaces  of  fire-clay  (four- 
neaux  en  terre)  are  used,  of  similar  design  to  those  for  brass  castings.  They  are,  how- 
ever, much  smaller,  and  receive  the  air  by  an  underground  passage.  At  the  mouth, 
which  is  square,  and  at  the  surface  of  the  ground,  there  is  a  hole  through  the  wall, 
from  which  ascends  the  chimney-stack.  These  furnaces  contain  only  one  large  cru- 
cible, 9  to  10  indies  high  and  6  to  7  inches  in  diameter.  The  steel  is  put  into  the  cru- 
cible with  a  flux,  which  is  kept  secret,  and  the  crucible  is  placed  upon  a  round  brick, 
set  upon  the  fire-bars.  Coal,  which  has  been  reduced  to  coke,  is  placed  round  the  cru- 
cible, and  the  furnace  is  filled.  Fire  is  then  put  to  it,  at  the  same  time  the  upper  open- 
ing of  the  furnace  being  entirely  closed  with  a  brick  door  surrounded  by  a  circle 
of  iron.     The  flame  goes  through  the  pipe  into  the  chimney. 

"The  crucible  is  five  hours  in  the  furnace  before  the  steel  is  perfectly  melted. 
Several  operations  follow.  Square  or  octagon  moulds,  made  in  two  pieces  of  cast- 
iron,  are  put  the  one  against  the  other,  and  the  steel  poured  in  at  one  extremity. 
I  have  seen  ingots  of  this  cast-steel  which  resemble  pig-iron.  This  steel  is  worked 
under  the  hammer,  as  is  done  with  blister-steel,  but  is  heated  less  highly  and  with 
more  precaution  because  of  its  liability  to  break. 

"The  object  of  this  operation  is  to  make  the  steel  so  homogeneous  that  there 

•  The  difficulty  in  tooling  manganese-steel  does  not  arise  from  its  hardness  alone  ; 
it  is  the  combined  toughness  and  hardness  of  the  steel  which  necessitate  much 
greater  force  to  move  the  surfaces  operated  upon  and  more  than  the  nose  of  a  tool 
of  comparatively  brittle  material  like  hardened  carbon-steel  will  face.  Hence,  with 
very  low  speeds  only  can  any  results  at  all  be  accomplished. 
vol.  xxiv. — 12 
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may  be  no  flaw,  as  perceived  in  that  which  comes  from  Germany  ;  and  this,  it  is 
said,  can  only  be  done  by  fusion. 

"This  steel  is  not  extensively  used;  it  is  used  only  for  purposes  requiring  a 
fine  polish.  Of  it  are  made  the  best  razors,  some  knives,  the  finest  steel  chains,  some 
watch-springs,  and  small  watchmakers'  files." 

The  following  passage,  in  another  part  of  the  same  work,  shows 
that  attempts  were  being  made  in  Newcastle,  as  early  as  1765,  to 
imitate  Huntsman's  methods: 

"  We  were  told  also  that  in  the  southern  part  of  England,  that  is,  south  of  New- 
castle, old  files,  or  other  old  steel  articles,  or  blister-steel,  are  cut  into  pieces  and 
put  into  a  crucible  with  a  flux,  which  is  kept  secret.  It  is  said  that  each  workman 
lias  his  particular  recipe.  These  crucibles  are  placed  in  a  furnace  to  melt  the  steel. 
One  person  in  particular  has  undertaken  this  process,  two  miles  away  from  this  town 
(Newcastle),  but  he  has  succeeded  badly." 

No  doubt  Huntsman's  attention  was  at  first  confined  to  the  supply 
of  a  material  suitable  for  the  purposes  of  his  own  immediate  busi- 
ness, that  is,  clock-springs ;  but  it  could  not  have  been  long  before 
he  saw  the  further  important  applications  and  uses  that  awaited  the 
eventual  development  of  this  process,  of  which  the  fusion-processes 
of  Bessemer  and  Siemens  are  really  the  offspring.  All  these  pro- 
cesses are  dependent  upon  a  knowledge  of  the  properties  of  different 
steel-alloys,  confined  in  those  early  days  to  carbon-steel.  It  is  highly 
probable  that  future  generations  will  be  largely  dependent  in  their 
material  progress  upon  a  thorough  and  more  exact  knowledge  of 
this  branch  of  metallurgy. 

Huntsman  exported  his  steel  to  France,  a  trade  still  held  by  his 
firm.  Sheffield  cutlers  became  jealous  of  the  advantages  they 
thought  his  steel  offered  to  foreign  competitors,  and  it  is  said  that 
they  tried  to  influence  the  government  of  the  day  (probably  by 
"  lobbying,"  a  practice  not  unknown  to  modern  politics),  but,  for- 
tunately, they  failed  in  their  attempt  to  restrain  trade. 

That  the  process  soon  spread,  is  shown  by  a  Sheffield  directory, 
published  by  Gale  &  Martin  in  1787,  that  is,  about  ten  years  after 
Huntsman's  death.  A  list  of  steel-manufacturers  is  there  given, 
from  which  it  appears  that  in  addition  to  Huntsman's  firm,  then 
trading  under  the  name  of  Huntsman  &  Asline,  as  "steel-refiners 
and  melters,"  there  were  several  other  firms  already  engaged  in  the 
same  business.  The  directory  states  that  five  firms  were  engaged  in 
melting  or  refining,  and  about  a  dozen  in  the  converting  or  cement- 
ation-process. 

That  Sheffield  can  pre-eminently  claim  the  title  of  "  Steelopolis," 
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not  less  from  its  modern  development  than  from  its  long-standing 
and  traditional  associations  with  the  early  developments  of  the  metal- 
lurgical industry  of  iron  and  steel,  is  shown  in  an  interesting  man- 
ner by  the  same  directory.  We  find  that  there  were  then  some  half- 
dozen  manufacturers  of  adzes  and  hammers ;  about  50  makers  of 
edge-tools ;  not  less  than  40  engaged  in  file-making ;  over  300  in 
pen-,  pocket-,  and  table-knife  manufacture;  at  least  50  in  razor- 
making  ;  close  upon  100  in  scissors ;  and  some  60  or  70  in  the 
manufacture  of  scythes,  sickles,  and  shears.  Many  of  these  were, 
no  doubt,  small  workers  rather  than  owners  of  large  concerns;  but 
it  will  be  seen  that  here  was  the  center  for  a  considerable  employ- 
ment of  steel.  It  was  this,  no  doubt,  that  induced  Huntsman  to 
settle  in  Sheffield.  The  advantageous  environments  also  proved  to 
be  of  the  greatest  assistance  in  its  rapid  development.  For  exam- 
ple, its  excellent  supply  of  very  pure  water  (also  a  source  of  cheap 
power)  was  believed  by  some  to  be  of  special  quality  and  efficacy  in 
the  hardening  of  steel. 

In  these  days  of  investigation,  many  of  the  old  ideas  on  these 
subjects  have  been  exploded,  and  probably  there  is  nothing  in  Shef- 
field water  that  cannot  be  obtained  elsewhere,  at  least  from  water 
showing  upon  analysis  the  same  chemical  composition.  Yet,  not 
very  long  ago,  a  considerable  quantity  of  Sheffield  water  was  ex- 
ported to  America  for  hardening  purposes. 

It  is  curious  that  the  ancients  not  only  thought  that  the  quality 
of  the  water  was  the  most  important  factor  in  obtaining  the  right 
quality  of  steel,  but  that  the  Latin  and  Greek  word  for  steel,  Cha- 
lybs,  was  believed  to  have  been  given  to  a  Spanish  river  (known  to- 
day as  the  Cabe)  in  the  Royaume  de  Galice,  which  flowed  into  the 
Velezar,  and  the  water  of  which  had  the  reputation  of  conferring 
the  best  kind  of  hardening  upon  steel.  M.  Duhannel,  a  clever 
metallurgist  of  the  last  century,  pointed  out  the  foregoing  in  his 
Encyclopedie  Methodique  de  Chymie  et  M'etallurgie,  published  in 
1786.  It  is,  of  course,  well  known  that  the  original  "  Chalybians, 
a  people  of  iron-workers,"  mentioned  by  Herodotus  in  the  fifth  cen- 
tury B.C.,  lived  in  Armenia,  on  the  shores  of  the  Black  Sea. 

Sheffield's  proximity  to  supplies  of  excellent  stone  or  millstone- 
grit,  from  which  grinding  and  other  stones,  so  largely  used  in  the 
city's  industries,  are  obtained,  has  been  of  considerable  advantage. 
These  grindstones  have  been  in  demand  in  many  other  countries. 

In  the  same  way,  the  well-known  Sheffield  gannister  and  fire-clay 
of  excellent  refractory  quality  appear  to  have  been  placed  by  nature 
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just  where  they  were  likely  to  be  wanted.  In  foot,  Sir  Henry  Bes- 
semer owed  to  this  fact  ranch  of  his  early  success.  Sheffield  gan- 
nister  is  still  exported  world-wide. 

Many  of  the  names  given  in  the  directory  of  1774,  as  connected 
with  steel  and  hardware,  for  example,  Spencer,  Jessop,  Peace,  Wil- 
kinson, Parkin,  Turner,  Rodgers,  Tyzack,  Sanderson,  Hobson,  and 
others,  are  to-day  still  household  words  in  the  world's  markets.  A 
proud  record  for  these  our  Hallarashire  men,  who,  after  a  century 
in  the  troublesome  world  of  business  careers,  still  continue,  with  the 
assistance  of  their  sturdy  Yorkshire  workmen,  to  keep  the  name  of 
England  to  the  fore,  both  as  regards  quality  of  material  and  excel- 
lence of  handicraft.  Their  aim  has  been  truly  represented  by  the 
motto  of  the  City's  Cutlers' Company,  founded  in  1624:  Pour  y 
parvenir  cl  bonne  foi. 

In  1835  there  were  56  converting  furnaces  and  534  melting-holes; 
in  1842  there  were  97  converting  furnaces  and  777  melting-holes; 
in  1846  there  were  105  converting  furnaces  and  974  melting-holes. 

In  1848  the  ratable  value  was  £272,000;  in  1893,  £1,250,000. 

The  small  beginnings  of  a  century  or  more  ago  have  expanded 
into  a  commerce  of  very  large  proportions.  There  are  now  over  250 
different  steel-manufacturers  and  suppliers  in  the  city ;  also  nearly 
1000  representing  the  cutlery  and  edge-tool  trades,  and  those  engaged 
in  other  miscellaneous  branches  of  manufacture,  such  as  saws,  files,  etc. 
In  times  of  ordinary  trade,  probably  more  than  1000  tons  of  the 
best  quality  of  crucible  cast-steel  are  melted  per  week  in  Sheffield. 
Huntsman  would  indeed  be  startled  to  find  his  child  grown  into 
such  a  giant. 

America  has  developed  the  fusion  of  cast-steel  by  gas-melting- 
furnaces  and,  with  the.  kindly  help  of  nature,  in  the  wonderful  ap- 
plication of  natural  gas.  But  without  such  aid,  Sheffield  now  uses 
weekly  some  14,000  clay  crucibles  in  which  to  fuse  its  steel.  The 
quality  of  this  steel  still  stands  unsurpassed  in  the  markets  of  the 
world ;  and  the  main  principles  in  the  production  of  it  are  those 
brought  into  practice  by  Huntsman. 
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Report  on  Huntsman's  Cast-Steel. 

BY 

Fourness  &  Ashworth  (1792), 

Engineers  to  their  Royal  Highnesses  the  Prince  of  Wales  and  Duke  of  Clarence. 

To  the  Public. 

In  justice  to  Mr.  Huntsman,  who  makes  the  best  Cast  Steel  in  this,  or  perhaps 
any  other  country,  we  wish  to  present  Society  at  large,  with  the  following  brief 
character  of  it,  which,  as  persons  who  have  for  several  years  been  in  the  practice 
of  using  it,  we  shall  at  all  times  be  ready  to  confirm.  We  have  made  trial  of 
different  kinds  of  Cast  Steel,  but  never  met  with  any  that  would  abide  the  same 
execution  as  Huntsman's. 

The  efficient  properties  of  Mr.  Huntsman's  Cast  Steel,  are  simply  two,  namely, 
extreme  hardness,  combined  with  great  toughness  and  ductility.  A  point  may  he 
made  of  it  that  will  cut  glass,  and  at  the  same  time,  endure  arduous  work,  as  a  Turn- 
ing Tool  for  any  kind  of  metal,  without  undergoing  those  frequent  repairs  necessary 
to  tools  made  of  other  Steel.  It  is  calculated  also  to  take  the  highest  polish  ;  there- 
fore, for  Burnishing  Tools,  and  Plates  to  beat  or  roll  any  kind  of  metal  to  a  fine 
surface  upon,  it  possesses  a  decided  superiority ;  and,  as  to  Dies,  there  is  perhaps  no 
Steel  that  can  be  made  into  a  face  of  equal  hardness  and  durability.  For  Buckles, 
Buttons,  and  other  articles  of  the  steel  kind,  to  which  great  superficial  brilliancy 
is  requisite,  there  is,  we  believe,  not  another  fabric  of  Steel  so  completely  adequate. 
Indeed,  as  a  hint  to  Opticians,  it  is  probable,  this  Steel  would  admit  of  a  polish 
sufficient  for  Speculums;  for  Mirrors  it  is  particularly  suitable.  By  a  judicious 
workman,  a  plate  of  this  Steel  can  be  laid  to,  and  united  firmly  with  any  malleable 
Iron  or  Steel,  of  even  an  ordinary  kind. 

There  are  many  Smiths,  within  the  compass  of  our  knowledge,  who  have  not 
been  able  to  find  out  the  real  qualities  of  this  Steel,  on  account  of  having  no  pre- 
vious instruction  relative  to  the  working  of  it. — It  has  often  been  said,  and  amongst 
other  incorrect  statements  it  has  been  asserted  that  the  Huntsman  Cast  Steel  could 
not  be  united  or  welded  to  any  other  Steel  or  Iron  ;  but  the  opinion  is  a  mistaken  one, 
because  we  can  satisfactorily  prove  to  any  person,  that  Mr.  Huntsman's  Cast  Steel 
may  be  securely  united  or  welded  to  any  other  Steel  or  forged  Iron.  To  elucidate 
this  fact  is  one  part  of  the  design  of  this  testimonial. 

When  Smiths  use  Cast  Steel,  they  frequently  imagine,  that  it  requires  the  same 
heat  commonly  given  to  other  Steel  before  it  comes  under  the  hammer;  nay,  some 
indeed  think  it  is  necessary  to  give  the  same  heat  to  it  they  would  give  to  Iron  ; 
whereas,  if  instead  of  this  erroneous  method,  Huntsman's  Cast  Steel  were  treated 
with  care  in  the  fire  by  the  smith  who  works  it,  it  might  be  brought  into  any  re- 
quired congenial  state.  It  might,  as  already  observed,  be  laid  to  any  piece  of 
wrought  Iron  or  Steel.  In  fine,  two  pieces  of  the  same  Steel,  at  a  proper  welding 
heat,  will  firmly  unite  under  the  hammer  together.  Steel  of  so  fine  a  texture  as 
it  is,  cannot  bear  excessive  heat,  since  excessive  heat  undoubtedly  destroys  one  of 
the  two  of  its  virtual  properties,  we  mean  its  toughness. 

For  the  facing  of  Anvils  and  Hammers,  and  the  making  of  cold  Chissels,  no  other 
Steel  we  have  been  able  to  select  can  bear  any  competition  with  it.     It  may  be  tern- 


182  THE   ALLOTROPISM   OF   GOLD. 

pered  to  any  degree  of  hardness,  and  again  meliorated  to  any  degree  of  mildness 
or  ductility.  Needles  of  all  denominations,  Fish-hooks  of  every  kind,  we  are  ena- 
bled to  certify,  may  be  much  best  relied  on,  when  made  of  this  Steel.  Likewise  (to 
be  concise)  Edged  Tools  of  every  description  made  of  the  same;  Screw  Taps  and 
Plates,  Drills  and  Boring  Bits,  Points  of  Tools  for  the  digging  of  ores,  coal,  &c. 
most  of  which  we  have  some  acquaintance  with,  are  more  to  be  confided  in  than  any 
other  we  have  tried. 

It  may  not  be  unnecessary  to  observe  (since  the  idea  of  interestedness  generally 
produces  bias)  that  we  have  no  connection  whatever  with  Mr.  Huntsman,  nor  is  it  at  all 
at  his  request  or  instance,  we  lay  before  the  public  this  sketch  of  the  qualities  of 
hi--  Steel ;  for,  we  ingenuously  believe,  were  the  nature  and  properties  of  it  better  and 
miversally  understood,  mechanics  in  general  would  be  benefitted  (since  to  all 
mechanical  workmen,  safe  and  durable  tools  are  of  great  importance)  and  the  in- 
genuity and  industry  of  the  man  who  prepares  it,  by  an  extension  of  his  sale,  might 
be  hctter  rewarded.  "We  are  still  the  more  induced  to  present  to  the  public  this  im- 
partial, but  imperfect  character  of  Huntsman's  Steel,  as  we  understand  that  during 
the  course  of  more  than  thirty  years  of  time  devoted  to  the  manufacturing  of  it, 
he  lias  so  much  neglected  his  own  interest  and  credit,  as  never  to  give  the  public, 
thro'  any  general  or  circular  medium,  any  account  whatever  of  his  Steel.  It  was 
by  accident  that  we  learnt  there  was  such  Steel,  after  being  much  put  about  to  get 
siich  as  would  make  Tools  to  perform  services  which  we  could  get  no  other  Steel  to 
stand.  All  the  orders  we  have  since  given  Mr.  Huntsman  by  pattern,  have  been 
executed  according  to  pattern. 

,'/s  of  all  sorts,  scroll  as  well  as  others,  may  in  general  be  depended  on 
when  made  of  this  Steel  and  suitably  tempered;  Huntsman,  however,  has  suffered 
by  some  manufacturers,  or  perhaps  agents  unfairly  making  use  of  his  stamp, 
therefore  it  would  be  prudent  for  those  who  wish  to  make  trial  of  the  genuine 
article,  to  purchase  it  from  traders  of  known  integrity,  and  such  as  do  business 
witli  Huntsman  himself,  as  there  will  probably  always  lie  some  who  would  not  scruple 
to  deal  surreptitiously  in  an  article  of  high  character. 

The  whole  of  this  information  we  offer  to  the  public,  as  friends  to  a  man  who 
we  think  ought  in  an  advanced  stage  of  life,  as  well  for  his  own  gratification,  as 
his  family's  prosperity  and  comfort,  to  be  repaid  by  the  increase  of  trade,  for  his 
expenditure  of  time,  and  his  sedulity  in  contributing  to  the  convenience  of  the 
mechanical  part  of  society. 

FOURNESS  &  ASHWORTH, 
Engineers  to  their  Royal  Highnesses  the  Prince  of  Wales  and  Duke  of  Clarence. 

March  28,  1792. 


THE  ALLOTBOPISM  OF  GOLD. 

BY  HENRY  LOUIS,    LONDON,   ENGLAND. 
(Virginia  Beach  Meeting,  February,  1S9L) 

It  can  scarcely  be  considered  a  matter  of  doubt,  in  the  present 
state  of  our  knowledge,  that  the  existence  of.  at  any  rate,  two  well- 
marked  allotropic  modifications  of  gold  can  be  recognized,  namely 
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(a),  the  ordinary,  yellow  variety,  and  (/?)  the  red,  brown  or  purple, 
non-lustrous,  amorphous  variety. 

There  are,  indeed,  not  wanting  indications  that  still  other  allotropic 
forms  may  be  capable  of  existing.  It  is,  for  instance,  possible  that 
the  green  colors  of  gold  obtained  under  certain  conditions,  or  that 
the  black  powder  produced  when  the  alloy  of  gold  with  potassium 
is  decomposed  by  water,  may  represent  further  allotropic  modifica- 
tions, although  this  proposition  is  open  to  doubt.  It  can  scarcely 
be  pretended  that  the  two  first-named  varieties  have  been  absolutely 
isolated,  yet  it  is,  perhaps,  quite  permissible  to  speak  of  the  ordinary 
and  the  amorphous  modifications  as  having  a  proved  existence. 

Ordinary  gold  is  sometimes  found  crystallized  in  nature,  although 
never  in  a  state  of  purity.  When  gold  is  melted  and  cooled  slowly, 
its  surface  shows  crystalline  markings,  and  the  fact  that  it  is  capable 
of  crystallizing  in  the  cubic  system  may  be  looked  upon  as  estab- 
lished. When  gold  is  produced  by  precipitation,  the  form  which  it 
assumes  is  dependent  on  the  conditions  of  precipitation.  G.  Rose* 
says  that  gold  precipitated  by  ferrous  sulphate  from  very  dilute  solu- 
tions is  so  finely  divided  that  no  regular  form  can  be  recognized,  but 
in  more  concentrated  solutions  the  precipitate  consists  of  minute 
cubes.  When  oxalic  acid  is  used  as  a  precipitant,  the  gold  is  coarser 
and  forms  octahedral  crystals.  J.  Thomsen  f  has  obtained  similar 
results.  Working  with  dilute  and  with  highly  dilute  solutions,  I 
have  myself  been  quite  unable  to  recognize  any  crystalline  structure, 
even  under  the  highest  powers  of  the  microscope;  nor  did  there 
seem  to  be  even  any  tendency  of  the  particles  to  group  themselves 
into  arborescent  forms,  such  as  might  indicate  incipient  crystalliza- 
tion. Precipitates  from  solutions  containing  between  0.0001  and 
10  per  cent,  of  gold  gave  no  indications  of  crystallization,  even 
when  magnified  800  diameters.! 

Thomsen  (loc.  cit.)  has  also  pointed  out  that  the  physical  charac- 
ters of  precipitated  gold  differ  according  as  it  has  been  precipitated 
from  solutions  of  its  chloride  or  its  bromide.  He  also  found  that 
these  different  forms  possessed  different  degrees  of  thermic  energy, 
and  hence  deduced  a  strong  argument  in  favor  of  their  being  allo- 
tropic varieties. 

The  specific  gravities  of  various  forms  of  gold  differ  considerably. 
G.  Rose  (loc.  cit.)  found  that  fused  gold  had  a  density  of  19.3336 

*  Pogg.  AnnaL,  1848,  vol.  Ixxiii.,  p.  8. 

f  Journ.  Prakt.  Chem.,  Neue  Folge,  vol.  xiii.,  1876,  p.  348. 

X  Private  communication  to  the  author  from  Mr.  F.  E.  Lott. 


184  THE   ALLOTROPISM    OF   GOLD. 

after  it  had  been  compressed  in  a  coining-press,  it  being  a  little 
lower  before  this  mechanical  treatment.  The  density  of  precipitated 
gold  thrown  down  by  ferrous  sulphate  he  found  to  vary  from  19.5419 
to  20.6882,  the  highest  figures  being  obtained  from  extremely  dilute 
solutions,  the  precipitate  from  which  showed  no  trace  of  crystalline 
form ;  when  precipitated  by  oxalic  acid  its  specific  gravity  was 
19.4791.  When  such  amorphous  gold  was  struck  in  the  coining- 
press,  its  density  became  reduced  to  18.0194.  I  have  found  that  the 
density  of  gold  left  on  dissolving  out  various  metals  alloyed  with 
it,  when  the  gold  remains  behind  in  a  brown,  amorphous,  lustre- 
less condition,  varies  between  20.3  and  19.5.* 

It  is  only  fair  to  notice  that  Rose  did  not  ascribe  the  differences 
in  the  densities  of  the  different  forms  of  gold  to  allotropism,  but 
has  suggested  another  explanation,  which  is  hardly,  to  my  mind,  a 
sufficient  one.  It  is  probably  safe  to  assume  that  there  are  two  modi- 
fications of  gold — one  a  light  one,  of  density  19.3  or  thereabouts, 
and  the  other  a  heavy  one,  the  density  of  which  approaches  20.7 — 
whilst  various  combinations  of  these  extreme  forms  are  capable  of 
occurring. 

In  this  connection  the  curious  divergencies  in  the  densities  of  spe- 
cimens of  native  gold,  from  different  localities  but  of  about  the  same 
composition,  may  also  be  referred  to ;  allotropism  may,  at  any  rate, 
be  suggested  as  a  possible  explanation  of  them.  There  are  thus 
sufficiently  well-marked  differences  in  physical  characteristics  to 
support  the  hypothesis  of  allotropism. 

As  regards  chemical  properties,  Thomsen  has  also  pointed  out 
that  when  amorphous,  pulverulent  gold  is  acted  on  by  chlorine  or 
bromine,  aurylic  compounds  (Au2Cl4  or  Au2Br4)  are  produced; 
whereas,  these  same  substances  produce  auric  compounds  (AuCl3  or 
AuBr3)  with  ordinary  gold. 

I  have  found  another  point  of  difference,  of  far  greater  practical 
importance,  in  the  behavior  of  these  modifications  towards  mercury. 
Ordinary  gold,  of  course,  amalgamates  readily,  as  is  well  known.  I 
have  found  that  gold  precipitated  from  highly  dilute  solutions  by 
ferrous  sulphate  is  not  attacked  at  all  by  mercury  when  freshly  pre- 
cipitated, and  only  slightly  after  drying  on  an  air-bath.  Near  the 
boiling-point  of  mercury,  partial  amalgamation  took  place,  but  it 
was  by  no  means  complete.  Mercury  containing  a  large  amount  of 
sodium  amalgam  was  equally  without  effect  on  the  dry  gold, 
although  it  readily   and   completely  amalgamated  it  when    moist. 

*  "Note  on  Experiments  of  the  Specific  Gravity  of  Gold,"  Trans.,  xxii.,  117. 
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In  these  observations  I  seem  to  have  been  partially  anticipated  by 
Ludvvig  Knaffl*  who,  however,  appeared  to  attach  little  importance 
to  his  observations.  In  a  brief  note  on  the  preparation  of  certain 
amalgams  of  gold,  he  says  : 

"Gold  precipitated  by  green  vitriol  or  mercurous  nitrate  is  not  suitable  for  amal- 
gamation, as  it  is  too  finely  divided  and  always  floats  on  the  surface  of  the  mercury f 
as  a  black  powder,  whether  heated  mercury  be  poured  upon  heated  gold  or  vice 
versa.  I  examined  this  floating  black  powder,  and  found  it  to  contain  gold  and 
mercury.  .  .  .  Gold  precipitated  either  by  means  of  arsenious  acid  or  by  boiling  a 
solution  of  the  chloride  in  amylic  alcohol,  when  it  separates  out  in  small,  lustrous 
octahedra,  is  best  suited  for  amalgamation." 

It  may  also  be  added  that  the  purple  of  Cassius,  which  probably 
contains  an  allotropic  modification  of  gold,  is  not  attacked  by  mer- 
cury. The  black  pulverulent  form  of  gold  resulting  from  the  de- 
composition of  the  potassium-gold  alloy  likewise  resists  amalgama- 
tion. On  the  other  hand,  the  coherent  gold-sponge  left  on  dissolving 
out  the  alloying  metal  from  a  gold-alloy  amalgamates  pretty  readily, 
as  does  also  the  coherent  pale  brown  powder  produced  by  precipi- 
tating with  sulphurous  acid  a  strong  solution  of  auric  chloride. 

All  forms  of  gold  are  converted  into  the  ordinary  yellow,  lustrous 
variety  by  the  action  of  heat.  A  very  high  temperature  is  not  re- 
quired, but  the  exact  point  has  not  yet  been  determined;  it  is  cer- 
tainly well  above  200°  C,  but  probably  under  600°  C.%  Powerful 
mechanical  action,  such  as  percussion,  friction  or  compression,  has 
the  same  effect. 

I  do  not  pretend  that  the  above  data  form  anything  like  a  com- 
plete chain  of  evidence  proving  irrefragably  the  allotropism  of  gold, 
or  that  our  knowledge  of  this  subject  is  precise  or  definite;  yet  I 
venture  to  think  that  the  facts  do  warrant  us  in  looking  upon  the 
following  deductions  as  probably  correct : 

1.  Gold  is  capable  of  existing  in  allotropic  modifications. 

2.  One  of  these  modifications  is  capable  of  amalgamation  only 
with  great  difficulty,  if  at  all. 

3.  This  modification  is  capable  of  being  produced  and  of  subsist- 
ing under  conditions  that  may  reasonably  be  supposed  to  exist  in 
nature  when  gold  is  deposited  in  reefs. 

Whatever  may  have  been  the  nature  of  the  solution  by  means  of 
which  gold  has  been  introduced  into  the  deposits  in  which  we  find 

*  Dingl.  Polyt.  Journ.,  1863,  vol.  clxviii.,  p.  282. 
f  The  italics  are  mine. — H.  L. 

X  I  am  at  present  engaged  in  investigating  this  point,  and  hope  to  publish  shortly 
the  result  of  my  research. — H.  L. 
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it,  whether  as  a  soluble  haloid  salt,  as  is  generally  supposed,  or  as 
an  alkaline  aurate,  as  I  venture  to  suggest,*  it  must  have  been  pre- 
cipitated from  such  solution  in  various  ways  and  under  varying 
conditions.  We  have  but  few  indications  of  the  cause  of  this  pre- 
cipitation, but  it  is  reasonable  to  conjecture  that  such  reagents  as 
ferrous  sulphate  or  sulphurous  acid,  both  resulting,  perhaps,  from 
the  slow  oxidation  of  iron  pyrites,  may  have  found  their  way, 
in  solution,  into  the  fissures  within  which  the  gold  solution  was 
circulating,  and  may  thus  have  caused  the  deposition  of  gold  within 
the  reefs.  Now,  if  the  gold,  thus  deposited  from  highly  dilute 
solutions,  happened  never  to  be  exposed  to  a  particularly  high 
temperature,  or  to  violent  mechanical  action,  the  conditions  would 
be  favorable  to  the  production  of  that  allotropic  modification  of 
gold  which  is  indifferent  to  the  action  of  mercury.  In  other  words, 
under  the  above  conditions,  an  auriferous  deposit  will  have  been 
produced  in  which  a  greater  or  smaller  part,  or  perhaps  even  the 
whole,  of  the  gold  is  what  gold-miners  term  "rusty."  I  have  little 
doubt  that  the  "rustiness"  of  gold  is  in  different  cases  due  to 
widely-different  causes — that,  in  fact,  there  is  more  than  one  kind 
of  "rustiness ;"  but  I  venture  to  think,  also,  that  there  is  sufficient 
evidence  to  warrant  us  in  classing  allotropism  amongst  such  causes 
of  "rustiness."  If  this  is  correct,  I  need  hardly  point  out  either  the 
great  practical  value  or  the  application  of  this  deduction.  The  gold 
which  is  thus  allotropically  indifferent  to  mercury  is  in  a  condition  in 
which  it  is  readily  attacked  by  such  reagents  as  chlorine  and  potassic 
cyanide.  I  have  pointed  out  long  ago  that  the  gold  of  the 
Witwatersrand  deposits  of  the  Transvaal  was  probably  deposited 
in  situ  under  some  such  conditions  as  I  have  sketched  above,  and 
it  is  now  notorious  that  a  large  proportion  of  the  gold  in  them 
is  not  attacked  by  mercury,  but  readily  by  potassic  cyanide  solu- 
tion. Again,  in  some  cases  it  may  be  economically  feasible  to 
convert  the  non-amalgamable  modification  of  gold  into  the  common 
amalgamable  variety  by  heating  the  ore  to  a  moderate  temperature, 
or  the  same  end  may  be  attained  by  mechanical  means.  In  any 
case,  the  only  really  sound  method  of  preventing  losses  of  gold  in 
the  process  of  gold  extraction  is  that  of  ascertaining,  in  the  first 
place,  the  ultimate  causes  of  such  loss;  and  I  venture  to  hope  that 
it  will  be  found  that  amongst  such  causes,  the  one  here  treated  of — 
namely,  allotropism  of  gold — will  be  found  worthy  of  more  consid- 
eration than  it  has  hitherto  received  from  scientific  gold-miners. 

*  "  On  the  Mode  of  Occurrence  of  Gold." — Mineralogical  Mag.,  vol.  x.,  No.  47, 
p.  241. 
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THE  ZINC-ORE-DEPOSITS  OF  SOUTHWESTERN 
NEW  MEXICO. 

BY  WILLIAM   P.   BLAKE,    MILL  ROCK,    NEW  HAVEN,    CONN. 
(Virginia  Beach  Meeting,  February,  1894.) 

Geographical  Position. 

In  directing  attention  to  the  newly-opened  zinc-ore  region  in 
Southwestern  New  Mexico,  I  adopt  a  suggestion  made  at  the  Engi- 
neering Congress  last  summer  in  Chicago  by  Prof.  Le  Neve  Foster, 
who  commended  the  indication  of  the  geographical  position  of  a 
district  under  description  by  means  of  an  outline-map.     Such  a  map 


Fig.  1. 


is  the  more  important  in  this  instance,  inasmuch  as  the  region  to  be 
described  is  remote  and  little  known  even  in  the  United  States. 
Until  within  a  few  years  it  has  been  infested  by  the  savage  Apaches, 
has  not  been  often  visited  by  mining  engineers,  and  could   not  be 
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examined  with  safety.  It  is  not  far  from  the  old  stage-road  to  Silver 
City,  but  it  is  now  reached  by  the  Silver  City  and  Northern  Railroad, 
a  branch  line  from  the  Silver  City  branch  of  the  southern  transcon- 
tinental road.  It  is  between  Silver  City  and  Lake  Valley,  and  not 
far  from  Fort  Bayard  and  Georgetown,  or  from  the  famous  copper- 
mines  of  Santa  Rita.  The  railway  terminates  at  Hanover,  in  the 
gulch  of  the  same  name.  This  is  the  shipping-point  for  both  the 
zinc-ores  and  iron-ores  of  that  district. 

Geology. 

It  is  a  region  of  gray  and  white  Palaeozoic  limestones,  probably 
Lower  Carboniferous  and  older,  rarely  showing  any  traces  of  organic 
remains,  and  resting,  at  low  angles  of  inclination,  upon  a  foundation 
of  light-colored  crystalline  rocks  of  Archaean  age.  These  ancient 
rocks  are  granitic,  but  have  so  much  parallelism  of  structure  in  the 
arrangement  of  their  component  minerals  as  to  suggest  at  once  a 
mechanical  origin,  though  by  subsequent  metamorphosing  agencies 
they  have  become  dense  and  solid,  and,  being  hard  and  feldspathic, 
rather  than  micaceous,  the  rock  cannot  be  described  as  gneiss.  The 
structural  planes  are  nearly  vertical  and  trend  northwesterly.  Min- 
eralogically,  the  rock  is  characterized  by  soda-feldspar,  amphibole 
and  an  abundance  of  epidote  of  a  light  pistachio-green  color,  gener- 
ally massive,  rarely  crystalline,  and  often  associated  with  grains  of 
magnetite.  The  abundance  of  this  epidote,  distributed  over  the  hills 
and  mingled  with  bowlders  of  iron-ore,  is  very  striking  and  unusual. 
It  may  also  occur  in  the  limestones,  especially  at  the  contacts  with 
intrusive  dikes,  as  garnets  are  found. 

The  best  exposures  of  the  foundation-rocks  are  along  the  ravines, 
notably  at  Hanover,  at  the  end  of  the  railway.  The  rocks  of  the 
hills  are  generally  limestones  or  dolomites,  and  both  these  and  the 
granitic  rocks  are  traversed  by  dikes  of  intrusive  porphyry. 

Beds  of  Smithsonite  and  Calamine. 

The  abundance  of  the  massive  iron-ore  first  led  to  the  exploration 
of  the  region  and  to  the  construction  of  the  railway.  Copper-ores 
also  claimed  attention,  and  at  last  the  oxidized  zinc-ores  were  mined, 
and  by  reason  of  their  exceptionally  good  quality  and  high  grade, 
found  a  ready  sale  to  the  works  in  Wisconsin  for  the  production  of 
the  white  oxide  of  zinc.  These  ores  comprised  the  carbonate  (smith- 
sonite), with  some  calamine,  and  were  at  first  quarried  at  the  surface, 
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and  then  followed  downward  in  irregular  pits  and  cave-like  excava- 
tions, in  some  instances  to  a  depth  of  60  feet  or  more. 

The  ore  occurs  in  irregularly  concentric  crusts  or  layers,  or  in 
cavernous  masses  made  up  of  small  layers  or  concretionary  sheets  of 
pure  carbonate-ore,  nearly  white  and  cream-colored,  but  in  some 
places  colore^  gray,  or  even  black,  by  manganese  oxide.  Crystals 
are  rare.  The  ore  is  sometimes  in  close  association  with  aggrega- 
tions of  small  quartz-crystals,  the  presence  of  which  reduces  the 
percentage  of  zinc — and,  consequently,  the  commercial  value — so 
much  as  to  prevent  profitable  shipment.  The  best  carbonate-ores, 
assayed  by  the  car-load,  contain  35  to  38  per  cent,  metallic  zinc. 

The  excavations  upon  these  carbon  ate- ores  show  that  they  occupy 
cavernous  spaces  in  the  limestone  strata,  and  irregular  openings 
between  the  beds,  gradually  thinning  out  to  mere  seams.  Consider- 
able quantities  are  also  found  in  the  superficial  soil,  clays  and  ochers, 
derived,  doubtless,  in  great  part,  from  the  corroded  limestones  and 
from  the  parent-sources  of  the  zinc-ore.  It  is  evident  from  a  study 
of  the  phenomena,  that  the  limestones  have  been  corroded  by  zinc- 
bearing  solutions,  and  that  the  zinc-carbonates  replace  the  dissolved 
rock. 

The  sources  of  such  zinc-solutions  are  in  many  cases  obscure,  but 
in  other  cases  very  plain.  As  a  general  rule,  the  largest  and  richest 
deposits  of  smithsonite  give  no  direct  indication  of  their  origin. 
They  do  not  have  any  obvious  connection  with  any  source  or  other 
ore,  the  original  ore  having  undergone  complete  decomposition  and 
recomposition. 

Deposits  of  Zinc-Blende  or  "  Black- Jack." 

There  is  no  reason  to  doubt  that  the  carbonated  ores  existed  origi- 
nally as  the  sulphide  of  zinc  (blende,  black-jack  or  sphalerite  of  the 
mineralogist).  This  occurs  in  the  same  region  in  beds,  in  masses, 
and  disseminated  in  other  minerals,  notably  at  the  claims  known  as 
the  Black  Wolf,  the  Zinc  Valley  and  the  Thunderbolt,  where  exca- 
vations have  revealed  large  deposits  of  black-jack,  none  of  them  di- 
rectly associated  with  the  carbonate-ore. 

This  blende  is  the  dark  reddish-brown  variety,  but  is  rich  in  zinc 
and  free  from  arsenic  and  antimony.  It  does  not  appear  to  be  highly 
argentiferous,  and  is  an  excellent  ore  for  making  spelter.  It  is 
granular-massive,  not  found  in  crystals,  and  exists  in  beds  some- 
times 20  feet  or  more  in  thickness.  It  is  usually  iuter mingled  with 
iron  pyrites  in  grains  and  bodies  of  irregular  shape  dispersed  through 
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the  mass;  but  close  inspection  shows  that  there  is  a  rude  structural 
distribution,  in  layers  parallel  with  the  sides  of  the  bed  or  mass  of 
ore.  Some  parts  of  the  ore-bed  yield  clean  massive  jack,  but  the 
larger  part  is  mixed  with  pyrite. 

Any  associated  smithsonite  is  confined  to  the  surface,  or  near  to 
it,  or  to  one  side  of  the  zinc-blende,  and  is  not  intermingled,  being 
evidently  in  all  eases  a  secondary  product,  resulting  from  the  oxida- 
tion of  the  sulphide  to  sulphate,  the  solution  of  which,  percolating 
to  the  adjacent  limestone  or  dolomite,  is  immediately  decomposed,  with 
the  formation  of  zinc  carbonate  and  sulphate  of  lime  and  sulphate 
of  magnesia,  which  flow  away.  The  zinc  carbonate  thus  replaces 
the  lime  and  magnesia  carbonate,  and  the  extent  or  magnitude  of 


Fig.  2 


A,  Dike  of  Plutonic  rock  ;  B,  Metamorphosed  limestone  strata  ;  C,  Cavernous  ex- 
cavation left  by  the  extraction  of  zinc-ore;  D,  Blende  and  amphibole,  " Green 
rock." 


the  deposit  of  zinc  carbonate  depends  first  upon  the  magnitude  of  the 
original  bed  of  blende,  and,  second,  upon  the  extent  to  which  it  has 
suffered  decomposition. 

Fig.  '2,  a  sketch-section  of  one  of  the  openings,  will  serve  to 
illustrate  in  a  general  way  the  form  of  the  deposits,  both  of  the  blende 
and  of  the  oxidized  ore  derived  from  it. 

Descending  a  shaft  about  35  feet  deep,  a  hard  wall  of  what  ap- 
pears to  be  a  dike  of  intrusive  rock  is  found  on  one  side,  and  on  the 
other,  a  softer,  altered  rock,  apparently  limestone  colored  by  iron 
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oxide  and  corroded.  At  the  bottom,  an  inclined  floor  of  limestone 
leads  to  an  irregular  cavernous  space  from  which  about  fifteen  car- 
loads of  excellent  smithsonite  ("bone")  and  calamine  have  been 
taken.  Some  ore  remains,  running  off  in  seams  and  sheets  between 
the  layers  of  limestone,  and  evidently  thinning  out  as  the  distance 
from  the  source  increases. 

At  the  side  of  the  excavation  next  to  the  dike,  zinc-blende  is  found 
in  patches  and  lenticular  bunches,  3  to  4  feet  thick.  These  are  en- 
closed in  an  excessively  hard  and  tough  rock,  locally  known  as 
"green  rock,"  which  is  very  difficult  to  break.  It  consists  of  fibrous 
amphibole,  with  garnet  and  probably  epidote,  and  in  places  carries 
hematite  iron-ore.  The  garnets  are  massive  and  amber-yellow,  and 
sometimes  show  the  faces  of  crystals.  There  is  also  some  calcite. 
The  whole  is  evidently  the  result  of  raetamorphic  action,  doubtless 
in  connection  with  the  dike,  the  precise  relation  of  which  to  the 
zinc-blende  and  its  associated  minerals  could  not  be  determined  for 
want  of  sufficient  exploration  of  the  ground.  The  thickness  of  the 
dike  is  not  known. 

Fig.  3 


I)  c 

E,  Zinc-blende;  D  and  B,  Garnet;  C,  Pyrite;  A,  Hematite  and  Blende. 

We  have  in  this  primary  ore  a  combination  of  amphibole,  garnet, 
epidote,  specular  iron,  zinc-blende  and  pyrite.  These  minerals  are 
disposed  more  or  less  in  irregular  layers,  following  in  a  general  way 
the  direction  of  the  walls  or  sides  of  the  bed.  This  structure  gives 
the  ore  the  appearance  of  a  segregation.  A  hand-specimen  presents 
the  arrangement  of  minerals  shown  in  the  sketch,  Fig.  3. 

At  a  second  opening  upon  the  same  claim  an  irregular  chamber, 
40  to  50  feet  across,  is  excavated  in  similar  zinc-ore.  The  walls  are 
massive  ore,  and  the  full  extent  of  the  mass  has  not  been  determined. 
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There  are,  however,  indications  of  the  dike  at  one  side,  and,  on  the 
surface  above,  this  dike  appears  to  be  about  40  feet  wide.  The  full 
extent  of  this  large  bed  of  zinc-ore  and  its  exact  relation  to  the  dike 
are  not  fully  shown;  but  it  appears  to  be  an  irregular  lenticular 
mass,  partially  bedded  in  the  limestone  strata,  and  containing  more 
of  the  garnet  and  actinolite  on  the  side  contiguous  to  the  dike  than 
upon  the  side  next  to  the  limestone  beds. 

The  form  of  the  deposits  of  zinc-blende  seen  at  other  places  is 
generally  lenticular;  but  the  deposits  being  mostly,  if  not  in  all 
cases,  along  the  planes  of  contact  of  intrusive  dikes,  or  following 
the  planes  of  faults,  they  have  linear  extension  and  sequence,  so  as 
to  present  the  general  appearance  of  lodes.  This  is  especially  well 
shown  in  the  two  contiguous  claims  known  as  the  Black  AVolf  and 
the  Zinc  Valley,  where  a  series  of  bunches  of  zinc-blende  is  found 
in  one  line  for  nearly  the  whole  length  of  the  two  claims.  The 
deposits  may  be  classed  as  contact-deposits,  or  segregations  follow- 
ing the  dikes  or  the  planes  of  metamorphism.  The  lenticular  form 
is  best  displayed  in  the  smaller  bunches  of  ore;  and  these  may  be 
taken  as  typical,  of  the  form  of  the  larger  deposits.  The  form  of 
the  zinc-blende  deposits,  however,  has  not  been  much  shown  by 
explorations,  very  little  having  yet  been  done  to  develop  the  zinc- 
blende.  For  this  reason  it  is  not  yet  possible  to  delineate  with  cer- 
tainty the  exact  relation  of  the  deposits  to  the  wall-rocks.  So  also 
the  relation  of  the  massive  garnet  to  the  limestones  has  not  been 
clearly  shown.  If  we  regard  the  massive  garnet  and  the  massive 
actinolite  as  portions  of  the  ore-deposit  (as  it  seems  we  should  do), 
the  magnitude  of  the  aggregations  is  much  increased.  At  one  end 
of  the  Zinc  Valley  claim  the  garnet-rock  crops  out  in  high  cliffs, 
and  has  formed  a  heavy,  talus  of  blocks,  from  a  few  inches  to  many 
feet  in  diameter.  This  garnet-rock  is  composed  almost  wholly  of 
garnets  of  a  light  color,  generally  wax-yellow,  of  the  variety  grossu- 
larite,  and  having  a  faint  resemblance  in  color  to  the  lighter  resinous- 
looking  varieties  of  zinc-blende,  technically  known  as  "resin-jack." 
It  was  for  a  time  supposed  to  be  a  form  of  zinc-blende,  a  mistake 
which  derived  some  support  from  the  fact  that  tests  of  some  of  this 
garnet-rock  proved  the  presence  of  a  notable  quantity  of  zinc-oxide. 
An  examination  shows  that  zinc-blende  is  closely  associated  with  it, 
the  blende  being  distributed  in  grains  and  layers,  and  sometimes  in 
bunches  of  considerable  size.  It  is  similarly  distributed  in  the 
actinolite.  This  actinolite  is  the  light-green  variety  of  amphibole, 
in  radial  coarsely  fibrous  masses,  the  divergent  prisms  closely  aggre- 
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gated,  and  often  two  or  three  inches  long.  At  other  places  it  is  a 
mass  of  closely  interwoven  fibers,  making  an  exceedingly  tough  rock, 
but  holding  minute  and  sometimes  almost  microscopic  grains  of  zinc- 
blende  in  its  mass.  This  is  true  not  only  of  the  fibrous  varieties, 
but  of  the  coarsely  radial  masses,  in  which  grains  of  sphalerite  are 
distributed  freely  between  the  bladed  crystals.  These  grains  vary 
in  size  from  a  tenth  of  a  millimeter  or  less  to  over  a  millimeter  in 
diameter,  being  generally  about  the  size  of  mustard-seed. 

The  zinc-blende,  the  actinolite  and  the  garnet-rocks  appear  to 
have  been  formed  contemporaneously,  to  be  idiogenous,  and  to  have 
been  a  part  of  the  original  magma  from  which  these  minerals  were 
segregated,  or  deposited.  Galenite,  the  usual  associate  of  zinc-blende, 
appears  to  be  generally  absent  from  these  deposits,  except  in  very 
small  quantity,  though  it  occurs  in  workable  quantity  in  the  same 
district.  The  presence  of  manganese  oxide  in  some  of  the  secondary 
ores — the  smithsonite  and  calamine — indicates  its  existence  in  the 
sphalerite. 

The  Deposits  of  New  Mexico  and  New  Jersey  Compared. 

This  remarkable  association  of  large  beds  of  zinc-blende  with  py- 
rite,  hematite,  actinolite  and  grossularite  in  lenticular  layers,  and  in 
disseminated  particles  in  the  substance  of  the  actinolite  and  the 
garnet-rock,  forming  great  contact-aggregations  or  segregated  beds 
in  limestone,  appears  to  be  unique.  The  literature  of  ore-deposits 
does  not,  to  my  knowledge,  afford  another  example.  The  Amme- 
berg  (Sweden)  zinc-blende  deposits  in  granitic  gneiss  appear  to  have 
some  resemblance  to  the  New  Mexican  in  this  respect,  that  the  zinc- 
blende  has  the  granite  minerals,  amphibole,  talc,  chlorite,  garnet  and 
black  tourmaline  as  associates.  It  is,  however,  without  iron  pyrites 
or  iron  ore,  and  is  associated  with  galena.*  Green  garnet  also  occurs 
at  Sala,  in  Sweden,  with  calc-spar,  galena  and  zinc-blende.f 

We  have  numerous  examples  of  the  association  of  garnet  with  t 
magnetite  and  pyrite  (notably  with  copper  pyrites  at  the  Nacosari 
mines  in  Sonora,  Mexico,  and  in  the  Dragoon  mountains  of  Arizona), 
but  not  with  massive  zinc-blende.  We  cannot,  however,  fail  to  find 
a  striking  analogy  between  these  zinc-deposits  of  New  Mexico  and 
those  of  Sussex  county,  New  Jersey,  in  that  both  are  in  connection 

*  Stapff,  Berg,  und  Hiitlenm.  Zeit.,  1861,  p.  252.  Cited  by  Phillips,  Ore-Deposits, 
p.  393. 

f  Bredberg,  Schweigger's  Jour.,  xxxviii.,  11.     Cited  by  Bischof,  Geology,  ii.,  p.  285, 
Paul's  Trans.  Cavendish  Society. 
VOL.  xxiv.— 13 
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with  ancient  white  crystalline  limestone;  that  in  both  localities  the 
component  minerals  are  arranged  in  layers  parallel  to  the  walls ; 
and  that  similar  silicates,  garnets  and  amphibole,  abound  in  both 
places.  The  zinc-  and  iron-ores  in  New  Jersey  are  in  the  condition 
of  oxides  and  silicates  ;  but  in  New  Mexico  they  exist  as  sulphides, 
excepting  the  hematite.  We  can  easily  imagine  that  by  some  differ- 
ence of  temperature  of  solutions  and  oxidizing  influences  at  the  time 
of  the  consolidation  of  the  beds  in  New  Mexico,  the  zinc-ore  and 
the  pyrites  might  have  lost  their  sulphur,  and  have  been  left  in  the 
condition  of  the  New  Jersey  ores.  In  both  regions  we  find  the 
zinc-ores  in  juxtaposition  with  beds  of  magnetite  and  hematite. 
Both  regions  have  underlying  granitic  rocks,  and  both  are  ferriferous 
and  zinciferous.  In  New  Jersey  the  oxidized  ores  abound,  to  the 
exclusion  of  the  sulphides;  and  in  New  Mexico  the  sulphides 
abound  to  the  exclusion  of  the  oxides.  Yet  in  New  Jersey,  further 
south,  in  the  same  limestones  which  carry  the  zincite  and  willemite, 
we  find  deposits  of  zinc-blende,  which  suggests  a  common  origin  of 
the  zinc-impregnations,  though  finally  formed  under  different  con- 
ditions. 

In  the  composition  of  the  New  Jersey  ores  manganese  plays  an 
important  part,  while  in  the  New  Mexican  ores  it  is  not  so  abundant, 
but  exists  in  the  amphibole,  and  to  some  extent  in  the  iron-ores,  and 
is  found  in  the  zinc  carbonate  proceeding  from  decomposition  of  the 
blende. 

If  the  great  masses  of  blende  and  pyrite  in  New  Mexico  could  be 
desulphurized  in  place,  we  should  have  beds  of  oxide  of  zinc  and 
oxide  of  iron,  more  or  less  intermingled,  so  as  to  exhibit  much  the 
same  composition  as  we  see  in  the  zinc-deposits  of  Sussex  county. 
The  mechanical  mixture  of  zinc-blende  and  actinolite,  and  zinc- 
blende  and  garnet,  might  also  give  us  by  alteration,  a  zinc  silicate  or 
willemite  or  zinciferous  pyroxene,  like  jeffersonite,  which  is  abund- 
ant in  the  New  Jersey  beds  contiguous  to  intrusive  dikes. 

Metallurgical  and  Commercial. 

From  a  commercial  and  metallurgical  point  of  view,  the  New 
Mexican  ores  present  great  difficulties  in  the  way  of  immediate  utili- 
zation :  first,  in  the  matter  of  transportation  to  any  of  the  estab- 
lished centers  of  production  of  spelter  or  of  oxide;  and  second,  in 
the  objectionable  presence,  in  at  least  a  part  of  the  ore,  of  the  heavy 
garnet  from  which  the  blende  cannot  be  mechanically  separated. 
And  in  the  portions  of  the  beds  free  from  garnet  the  pyrite  impairs 
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the  value  of  the  zinc-blende  for  making  either  oxide  or  spelter.  The 
pyrite  can,  however,  be  removed  by  the  process  I  have  before  de- 
scribed,* but  at  present  a  supply  of  fuel  cannot  be  obtained  at  fig- 
ures sufficiently  low  to  justify  the  undertaking.  When  coal  can  be 
obtained  at  a  low  price,  either  at  Hanover  or  at  the  southern  terminus 
of  the  railway,  the  higher  grades  of  the  mixed  ore  of  blende  and 
garnet,  and  of  blende  and  actinolite,  can  be  worked  by  either  a  pre- 
liminary conversion  into  a  crude  zinc  oxide  or  by  lixiviation,  after 
proper  roasting.  The  conversion  of  the  smithsonite  and  the  calamine 
into  crude  oxide  is  also  desirable,  to  minimize  the  cost  of  transpor- 
tation, and  to  work  the  lower-grade  ores  which  cannot  now  be 
profitably  sent  away.  The  higher  grades  of  smithsonite,  carrying 
35  per  cent,  of  zinc  and  over,  pay  a  fair  profit  when  they  command 
over  $20  per  ton,  but  are  sent  out  at  a  loss  at  lower  figures,  the  nec- 
essary cost  of  raising  the  second  quality  of  ore  being  counted.  The 
freight  alone,  aside  from  the  cost  of  carting  the  ore  to  the  railroad 
at  Hanover,  is  about  $12  per  ton  to  Waukegan  or  La  Salle,  Illinois, 
or  to  Mineral  Point,  Wisconsin.  The  secondary  ores  at  or  near  the 
surface  are  cheaply  mined,  and  there  is  but  little  waste.  Expensive 
hoisting  works  are  not  required;  simple  windlasses  suffice;  there  is 
no  water  to  contend  with,  and  the  claim-owners  are  generally  con- 
tent if  they  can  realize  wages  by  mining  and  shipping  the  ore. 

The  shipments  of  zinc-ore  by  rail  from  Hanover  up  to  January, 
1894,  amounted  to  1358  tons  of  2000  pounds. 

The  greater  portion  has  been  sent  to  the  oxide-works  at  Mineral 
Point,  Wisconsin  ;  a  few  tons  have  been  shipped  to  Waukegan,  Illi- 
nois. The  financial  depression  of  1893  and  the  extremely  low 
prices  offered  for  zinc-ore  have  greatly  repressed  mining,  and  many 
of  the  zinc-claims  have  not  been  worked  lately. 

The  district  also  furnished  22,285  tons  of  iron-ore  from  Novem- 
ber 1,  1891,  to  April  1,  1893. 


MINE-EXPLOSIONS  QENEBATED  BY  OBAHAMITE-DUST. 

BY  WILLIAM  GLENN, f  BALTIMORE,   MD. 
(Virginia  Beach  Meeting,  February,  1894.) 

The  Ritchie  grahamite-mines  of  Ritchie  county,  West  Virginia, 
were  situated  near  the  central  part  of  the  upper  barren  coal-measures 

*  Trans,  xxii.,  569. 

t  The  observations  herein  set  forth  were  studied  and  discussed  bv  the  late  P.  G. 
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of  the  Appalachian  coal-field.  The  rocks  of  the  region  are  shales  and 
sandstones,  which  lie  almost  horizontal.  They  show  no  evidence 
whatever  of  containing  carbonaceous  ingredients,  except  that  they 
enclose,  at  long  intervals,  thin  veins  of  exceedingly  impure  coal. 

The  vein  of  graham ite  is  a  straight  and  vertical  fissure,  which 
cuts  downward  across  the  horizontal  strata  of  the  rocks  mentioned. 
It  will  be  sufficient  here  to  state  that  the  fissure  is  about  4  feet  wide, 
and  that  it  was  compactly  and  completely  filled  with  the  asphalt-like 
mineral  first  described  by  Prof.  Leslie  in  1863.*  He  regarded  it  as 
a  mineral  pitch  or  inspissated  petroleum,  which  he  called  asphalturn. 
The  name  grahamite  was  proposed  in  1865  by  H.  Wurtz,f  who  more 
fully  considered  and  described  the  mineral.  Both  these  writers,  to- 
gether with  Prof.  Blake,|  wno  studied  the  body  in  1890,  maintain 
that  it  is  a  form  of  asphalt. 

An  accurate  and  comparatively  full  study  of  the  mine  was  made 
in  1873  by  Prof.  W.  M.  Fontaine,  of  the  University  of  Virginia, 
who  published  his  observations  under  the  title,  "  Notes  on  the  West 
Virginia  Asphalturn  Deposit,"  §  thus  further  maintaining  that  gra- 
hamite is  an  asphalt. 

Fig.  1  represents  that  part  of  the  mine  first  to  be  considered.  As 
no  maps  can  now  be  had,  the  writer  has  been  compelled  to  construct 
the  sketch  in  part  from  material  found  in  his  letter  copy-book  and 
in  part  from  memory ;  yet,  so  far  as  concerns  the  present  purpose, 
it  may  be  regarded  as  accurate.  The  figure  represents  a  vertical 
section  of  the  mine,  and  is  in  effect  a  view  of  the  vertical  vein  with 
one  side-wall  removed,  showing  all  the  workings  therein  existing 
at  the  date  presently  to  be  mentioned. 

The  levels  numbered  2,  4,  and  6  represent  workings  made  for 
removal  of  vein-matter  when  it  was  supposed  that  the  proper  way 
to  mine  the  material  was  by  means  of  a  succession  of  such  levels. 
The  rooms  lettered  A,  B,  were  the  initial  rooms,  constructed  when  it 
was  determined  to  mine  by  a  method  called  by  miners  "  standing 
breasts."  In  this  method  the  miner  stands  upon  the  material  he 
already  has  broken  down,  and  attacks  in  turn  that  above  his  head. 
As  all    rocks  occupy   increased   space  when  broken  into  smaller 

Sauerwein,  of  Baltimore,  who  was  the  president  of  the  Ritchie  Company,  together 
with  the  author,  who  was  the  manager  of  that  company's  mines  and  railway.  As  the 
more  learned  and  able  one  of  us  cannot  take  part  in  this  paper,  the  author  alone  must 
be  held  responsible.  *  Proc.  Am.  Phil.  Soc,  ix.,  185. 

f  Am.  J.  Sci.,  1866,  ii.,  xlii.,  420 ;  Proc.  A.  A.  A.  Sci.,  xviii.,  124. 

t  Trans.,  xviii.,  563.  \  Am.  J.  Sci.,  ill.,  vi ,  409, 1873. 
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masses,  it  will  be  seen  that  the  miner  at  work  must  soon  nearly  fill 
the  space  between  the  vein-matter  over  his  head  and  that  which  he 
has  mined  already.  To  prevent  this,  the  latter  is  removed  at  proper 
times  and  in  necessary  quantities.  When  a  room  is  mined  upward 
to  its  extreme  height,  then  all  its  contents  may  be  withdrawn.  The 
details  of  the  process  do  not  pertain  to  this  paper. 

In  the  west  mine  (Fig.  1),  on  February  9,  1871,  room  A  had  been 
completed  and  the  material  had  been  removed  from  it.  Also,  the 
communication  between  its  bottom  and  level  4  had  been  closed,  so 
that  air  could  not  pass  from  the  level  through  the  room.  Room  B 
was  being  mined,  and  had  attained  about  the  condition  indicated  in 
the  figure.  Mining  consisted  simply  in  digging  down  the  soft  vein- 
matter  by  means  of  the  exceedingly  light  pick  used  by  bituminous 
coal-miners  in  Pennsylvania  and  West  Virginia.  * 

The  contractors  for  room  B,  believing  they  could  blast  out  the 
grahamite  cheaper  than  they  could  dig  it,  received  permission  to  try 
the  effects  of  powder.  But  the  attempt  failed,  either  because  the 
charge  was  insignificant  or  because  the  powder  failed  to  explode. 
The  Dupont  mine-powder  used  in  this  hole  was  contained  in  a  paper 
cylinder  lj  inches  in  diameter,  in  which  it  occupied  3  inches  height. 
Two  days  after,  a  second  hole  was  prepared  and  charged  with  a  sim- 
ilar cylinder  containing  6  inches  depth  of  powder.  The  position 
of  this  blast  is  shown  at  a,  Fig.  1.  The  shot  was  fired  at  3  p.m.  of 
the  date  given,  and  immediately  there  occurred  what  was  apparently 
a  mine-explosion ;  such  a  disaster  as  is  known  among  miners  as  a 
fire-damp  explosion.  For  the  size  of  the  workings,  it  would  have 
been  judged  unusually  severe. 

The  first  effect  observed  was,  that  so  much  of  the  pit-head  struc- 
ture (not  shown  in  Fig.  1)  as  lay  near  the  prolongation  of  level  4 
had  been  demolished.  A  man  who  had  been  standing  at  that  mo- 
ment on  the  bridge  leading  from  level  4  to  the  storage-bins  had  dis- 
appeared, together  with  his  mine-car.  The  latter  had  been  driven 
almost  horizontally  for  90  feet,  and  there  had  been  wrecked  against 
the  east  hillside  of  the  ravine  of  Mine  Run.  Even  the  cast-iron 
car-wheels  had  been  broken  by  impact  against  soft  earth,  while  the 
wooden  car-body  was  little  more  than  splinters.  The  man  was 
driven  60  feet,  when,  by  impact  against  a  heavy  tool-chest,  he  re- 
ceived injuries  almost  immediately  fatal.  "He  was  burned  and 
blackened  past  recognition."  * 

*  Keport  of  the  manager  upon  this  explosion.  It  was  written  February  10th,  and 
contained  about  four  thousand  words. 
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The  effect  was  as  if  level  4  had  been  a  great  gun,  out  of  which 
the  man  and  car  had  been  projected.  So  much  of  timber-structures 
as  lay  near  the  line  of  fire  had  been  swept  away. 

Before  those  near  the  pit-head  had  recovered  from  consterna- 
tion, one  of  the  men  belonging  in  room  B  appeared  at  the  portal  of 
level  4.  He  was  seriously  burned,  and  could  tell  no  connected 
story.  Upon  his  clothing  and  on  his  bare  arms  there  adhered  more  or 
less  of  what  seemed  half-burned  coke,  and  some  of  this  material 
was  still  aflame.  His  burns  were  fatal.  His  brother  and  partner 
was  found  under  room  D,  or  nearly  so,  in  level  4.  This  man  sur- 
vived, and  was  subsequently  able  to  give  a  clear  account  of  the  in- 
cident up  to  the  moment  of  his  injuries. 

The  third  and  only  remaining  man  in  this  level  was  140  feet  in- 
side of  room  B,  and  was  engaged  in  constructing  the  initial  work  of 
a  room,  such  as  is  indicated  at  C,  D,  E,  Fig.  1.  When  the  explo- 
sion occurred,  he  came  down  into  the  level  and  walked  along  it  to 
the  open  air.  He  had  seen  the  reflection  of  a  flame  in  the  level,  was 
aware  of  what  had  occurred,  but  was  in  no  wise  injured. 

Two  other  men  were  driving  the  end  of  level  2,  then  640  feet  long. 
They  had  heard  the  sound  of  the  explosion  ;  their  lamp-flames  bad 
been  nearly  extinguished  by  an  air- wave;  but  otherwise  they  had 
nothing  to  relate. 

The  ravine  of  Mine  Run,  less  than  100  feet  wide,  contained  all 
the  pit-head  structures.  Upon  so  much  of  them  as  lay  near  the  pro- 
longation of  level  4,  and  upon  the  east  hillside,  there  adhered  a 
coating  of  coke.  This  was  not  only  peculiar  but  was  striking  and 
prominent.  "  On  all  parts  of  the  old  storehouse  left  standing,  and 
upon  the  hillside  near  the  portal  of  level  3,  there  remains  adhering 
about  a  ^-inch  thick  of  cinder  such  as  our  mineral  makes.  The  fire 
seems  to  have  melted  the  mineral,  thrown  it  from  level  4  towards 
level  3,  and  left  it  a  cinder  sticking  to  every  opposing  thing.  To 
use  again  the  illustration  of  the  cannon  :  Imagine  it  (level  4)  to  have 
been  loaded  with  melted  mineral  with  which  its  discharge  coated  all 
opposing  objects;  then  imagine  the  mineral  to  have  charred  after 
sticking  fast."*  It  may  be  well  to  mention  that  grahamite  is  plastic 
while  hot ;  upon  cooling  it  again  solidifies. 

In  comparison  with  what  was  to  be  observed  about  the  pit-head, 
relatively  small  quantities  of  the  half-coked  grahamite  were  found 
adhering  to  objects  within  the  mine.  The  coarse-grained,  whitish 
sandstone  forming  tfhe  two  walls  of  the  mine  was  quite  free  of  it,  ex- 

*  Report,  already  cited. 
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cept  at  two  points,  namely,  about  the  top  part  of  the  airway  next 
west  of  room  B,  and  about  the  portal  of  level  4,  where  the  walls 
were  much  blackened.  The  occurrence  of  this  material  within  the 
mine  was  noticeable  chiefly  because  of  its  exceeding  peculiarity,  and 
not  because  of  its  abundance. 

We  supposed  that  little  vein-matter  had  been  burned  within  the 
mine,  because  of  lack  of  air  there,  and  that  the  abundance  of  dust 
in  level  4  had  been  swept  along  it  to  the  portal,  and  there  heated  to 
the  plastic  state  and  thence  projected  by  the  explosion.  As  the 
material  had  been  thrown  forward  along  the  projected  axis  of  level 
4,  and  not  laterally  as  well,  we  were  led  to  suppose  that  the  explo- 
sion had  occurred  just  without  the  portal,  where  the  restraining 
side-walls  were  without  a  roof-covering. 

The  evidences  were  that  the  disturbance  initiated  in  room  B  by 
the  blast  was  propagated  downward  along  the  air-way  next  west  of 
it,  as  shown  by  the  coked  vein-matter  adhering  along  the  air-way, 
chiefly  about  its  upper  part,  as  already  stated.  Having  reached 
level  4  it  extended  itself  westward  along  the  level  at  least  30  feet,  as 
proved  by  the  severe  burns  received,  as  above  narrated,  by  the  two 
men  there.  But  it  did  not  extend  140  feet  in  that  direction,  because 
the  flame  was  not  evident  to  the  miner  working  above  and  in  plain 
view  of  the  level  there.  He  saw  only  the  reflection  of  a  light  in  the 
level,  and  heard  the  sound  of  an  explosion.  The  principal  extension 
of  ignition  was  eastward,  outward  to  the  portal  of  level  4  where  that 
explosion  occurred. 

We  were  not  able  to  find  evidences  of  any  ignition  or  of  violent 
force  in  level  2,  which  might  have  occurred  because  of  the  air- way 
b,  Fig.  1,  between  it  and  the  level  next  above.  The  two  men  work- 
ing at  its  end  were  conscious  of  nothing  beyond  the  sound  of  a  vio- 
lent explosion  and  of  an  air-wave  which  nearly  extinguished  the 
flames  of  their  open  lights. 

Nor  could  we  learn  of  a  commotion  in  any  part  of  level  6 ;  it  ex- 
hibited no  evidences  of  heat.  Room  A  exhibited  blackened  walls 
at  top,  at  least;  but  otherwise  there  was  detected  in  it  nothing 
unusual. 

The  impression  entertained  first  and  finally  was,  that  gunpowder 
had  been  responsible  for  the  accideut.  It  was  for  this  reason  that 
its  agency  was  promptly  examined  into.  The  magazine,  a  primitive 
structure,  had  been  erected  1400  feet  from  the  pit-head,  and  it  stood 
intact  after  the  explosion.  The  guardian  of  it  was  able  to  state  that 
all  the  powder  in  or  near  the  mine  at  that  time  had  been  contained 
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in  a  tin  tomato  can  which  he  described.  We  recovered  this,  and  by 
his  aid  we  determined  that  18J  cubic  inches  of  powder  had  disap- 
peared out  of  it.  The  quantity  was  ridiculous  as  compared  to  the 
results  we  had  witnessed.  The  report  already  cited  contains  this 
passage :  "  I  have  said  to  the  men  that  the  burning  of  the  powder 
generated  an  explosive  gas,  which  was  driven  out,  mixed  with  air, 
and  ignited."  A  supplementary  report  further  stated  in  explana- 
tion :  "  Explosion  of  the  powder  pulverized  a  certain  quantity  of 
mineral,  and  in  that  state  it  was  easiest  decomposed.  The  mineral 
lying  in  the  room  B  was  slack,  and  every  adjacent  wall  contained 
dust  to  be  acted  upon.  The  indications  are  that  gas  burned  along 
all  the  air-passages  and  exploded  at  the  portal." 

The  Ritchie  mine  above  water-level  was  dry  beyond  all  mines  of 
which  the  writer  has  any  knowledge.  The  only  water  which  entered 
the  part  now  under  consideration  came  after  heavy  rains  through 
the  roof  of  room  A  and  through  the  adjoining  part  of  the  roof  of 
room  B.  It  was,  iu  fact,  surface-water,  which  found  its  way  through 
the  partly  decomposed  grahamite  forming  the  backs  of  those  work- 
ings. 

It  is  also  important  to  recall  that  the  vein-matter  was  soft  and 
friable,  much  reduced  to  dust  in  mining;  and  that  it  was  pulverized 
in  the  levels  by  the  traffic  through  them.  Within  the  mine,  all  sur- 
faces were  abundantly  coated  with  its  dust,  and  the  floors  of  the  levels 
contained  more  than  an  inch  in  depth  of  it;  and,  of  course,  room  B 
contained  it  in  quantity,  because  it  was  nearly  filled  with  the  already- 
mined  vein-matter. 

It  may  be  said  at  once  that  so  far  we  had  not  observed  any  indica- 
tions of  fire-damp  (chiefly  CH4)  within  the  mines.  To  quote  once 
more  from  the  report :  "  No  fire-damp  or  choke-damp  (C02)  ever 
was  detected  in  these  mines,  even  when  there  was  no  ventilation  ; 
and  the  explosion  began  where  ventilation  was  excellent.  We  have 
a  level  (No.  2)  600  feet  long  and  no  ventilation  for  it."  An  inspec- 
tion of  Fig.  1  will  disclose  that  the  air-currents  flowed  in  through 
levels  2  and  4,  then  up  the  air-way  next  west  of  room  B,  then 
across  both  rooms  and  onward  to  and  out  of  level  6.  As  February 
9,  1871,  was  comparatively  a  cold  day,  ventilation  then  was  all  that 
could  be  desired.  Moreover,  we  could  not  suppose  that  so  light  a 
gas  as  fire-damp  could  lie  in  room  B,  when  at  times  water  dripped 
from  the  natural  surface  into  the  east  end  of  it,  as  well  as  into  room 
A.  Fissures  which  can  convey  water  must  readily  permit  the  pass- 
age of  a  gas.     We  supposed  that  if  fire-damp  were  present  at  all, 
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necessarily  it  must  have  found  lodgement  in  the  small  workings  above 
the  roof  of  level  4.  These  were  ideal  receptacles  for  it,  and  yet  we 
had  not  found  it  there;  we  had  not  observed  even  so  much  as  the 
lengthening  of  the  naked  lamp-flame  of  the  miner  who  constructed 
them,  or  of  that  of  the  writer  who  visited  them  frequently.  The 
tight  end  of  level  2  was  another  good  receptacle  for  the  collection  of 
fire-damp.  If  such  had  been  present,  we  supposed  it  must  have 
exhibited  its  presence  any  morning,  after  the  quietude  of  a  night  in 
which  to  collect.     But  it  had  not  done  so. 

Anticipating  a  little,  it  may  here  be  said  that  fire-damp  was  first 
encountered  in  an  inclined  traffic-road  (mine-slope)  sunk  subse- 
quently, from  the  narrow  ravine  of  Mine  Run  and  under  level  2. 
At  about  six  fathoms  vertically  under  water-level  a  blower  was 
disclosed  in  the  south  wall  of  the  slope.  The  gas  was  promptly 
ignited  ;  but  it  soon  ceased  to  burn.  While  the  lower  levels  dis- 
closed other  gas-blowers,  none  of  them  were  serious,  and  the  gas  was 
readily  disposed  of.     It  never  became  necessary  to  use  safety-lamps. 

It  was  rather  a  curious  fact  that  gas  was  never  observed  to  issue 
out  of  the  vein-matter.  Apparently,  that  was  so  compacted  into 
the  fissure  that,  practically,  gas  could  not  circulate  through  it. 

In  these  damp  lower  levels,  shots  were  frequently  put  into  the 
side-walls  because  of  the  necessity  of  widening  the  roads.  And  even 
though  fire-damp  at  times  must  have  been  present  in  some  degree, 
yet  no  disaster  ever  followed. 

Among  the  many  surprises  which  graharaite  offered,  none  were 
so  striking  as  the  peculiarity  of  combustion  of  the  mineral  and  of  its 
dust.  When  warmed  over  the  flame  of  an  open  light,  the  mineral 
grew  viscous,  and  then  might  be  drawn  out  into  a  thread.  Warmed 
yet  more,  it  kindled  into  a  dull  and  smoky  flame,  which  burned 
until  the  mass  became  a  smutty  coke  of  slight  tenacity.  Dust  which 
fell  from  one's  hand  about  the  flame  of  the  lamp,  created  a  halo  of 
scintillations  around  the  light.  Yet  more  widely  diffused  and  bril- 
liant effects  at  times  followed  the  falling  of  dust  from  one's  clothing 
upon  a  flame. 

Vein-matter  mined  in  the  rooms  was  permitted  to  slide  from  them 
into  cars  standing  in  the  level  below.  More  or  less  deuse  dust-clouds 
necessarily  followed  ;  and  when  one  of  these  clouds  was  sufficiently 
dense,  if  it  then  enveloped  an  open  light,  a  flash  followed.  Several 
men  were  in  this  way  burned  ;  but  none  seriously.  Such  flashes 
always  produced  watery  blisters  upon  their  victims.  Glass  lanterns 
offered  a  remedy;  but  dust  soon  coated  the  glasses.     Following  the 
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invariable  ways  of  unrestrained  miners,  these  car-loaders  risked  the 
danger  of  open  lights.  These  they  would  place  at  a  distance  greater, 
as  they  supposed,  than  the  dust-cloud  would  roll,  and  they  would 
then  open  the  chute  and  permit  the  grahamite  to  descend,  almost 
flowing  like  water,  from  the  room  into  the  car  below. 

A  few  weeks  after  the  explosion  of  February  9th,  the  writer  stood 
near  the  car-loaders'  lamps  when  a  car  was  being  loaded  in  level  4. 
He  saw  the  dust-cloud  extending  unpleasantly  near  to  the  lamps, 
which  stood  upon  the  floor  of  the  level,  and  observed  it  to  roll  on- 
ward until  it  reached  a  lamp  full  30  feet  distant  from  the  column 
of  falling  grahamite.  Immediately  a  flash  followed,  so  brilliant  and 
complete  that  one  might  have  judged  it  due  to  gunpowder-dust  dis- 
seminated through  the  air. 

An  unsuccessful  attempt  was  made  to  recover  the  details  of  a 
grahamite  dust-flash  which  occurred  in  the  waters  of  New  York 
harbor,  perhaps  in  1871.  While  a  cargo  was  being  discharged,  a 
workman  in  the  hold  of  the  barge  attempted  to  light  his  pipe  by 
means  of  a  match.  Agitation  of  the  grahamite  had  afforded  the 
sufficiently  dense  dust  cloud,  and  a  flash  resulted.  The  flash  was 
reported  to  be  unusually  vigorous;  or  more  likely  it  was  so  regarded 
because  the  observers  were  unused  to  such  occurrences. 

The  reader  is  now  in  possession  of  all  information  known  to  us 
as  bearing  upon  the  explosion  of  February  9th,  and  almost  necessarily 
he  must  anticipate  our  conclusion  as  to  its  cause. 

We  are  compelled  to  assume  that  the  blast  pulverized,  and  imme- 
diately decomposed  into  coke  and  inflammable  gas,  a  great  deal  of 
the  dry  vein-matter  ;  these  assumptions  are  imperative.  The  re- 
mainder follows  easily  from  what  is  known  of  the  behavior  of 
mixtures  of  marsh-gas  and  air. 

The  first  effect  was  a  burning  of  the  air  in  room  B,  as  proved  by 
blackening  of  the  side-walls  and  the  adhesion  to  them  of  coke  formed 
from  the  dust  which  had  lain  upon  them.  Expansion  of  heated 
gases  could  occur  in  two  directions.  Toward  the  open  air  there  was 
but  little  fuel  to  feed  the  flame,  and  it  ceased  in  level  6,  because  no 
dry  dust  was  found  there.  Inward,  every  surface  supplied  its  store 
of  dust  whereby  ignition  was  led  downward  through  the  airway 
next  west  from  room  B.  Once  in  level  4,  the  dust  so  abundant  there 
was  freely  converted  to  gases  which  burned  vigorously.  After  reach- 
ing and  passing  the  two  men  30  feet  west  of  the  airway,  there  was  a 
cessation.  We  supposed  it  was  due  to  resistance  of  the  air-cushion 
offered  in  that  direction  to  the  widely  expanding  gases.     The  line  of 
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least  resistance  was  toward  the  open  air,  in  which  direction  ignition 
was  propagated  to  the  portal  of  the  level.  The  hot  gases  there  en- 
countered that  abundance  of  air  necessary  to  form  with  them  mixtures 
which  were  explosive,  and  the  result  has  been  stated. 

No  explosion  occurred  within  the  mine,  because  the  requisite  vol- 
umes of  air  and  gas  were  nowhere  present.  That  is  to  say,  there 
was  at  no  point  as  much  as  eight  volumes  of  air  to  one  volume  of 
explosive  gas,  if  each  had  beeu  measured  at  the  same  temperature. 

Coke  found  within  the  mine  was,  of  course,  a  product  of  destruc- 
tive distillation,  and  it  was  the  best  of  evidence  as  to  what  had  oc- 
curred. Moreover,  its  abundance  about  the  pit-head  demonstrated 
that  a  great  deal  of  grahamite-dust  had  been  swept  along  the  level 
to  the  open  air ;  in  a  hot  state  it  had  been  projected  thence  upon 
all  opposing  objects. 

The  Executive  Committee  of  the  Company's  directory,  of  whom 
Mr.  Enoch  Pratt  alone  survives,  attempted  to  find  a  remedy  against 
the  future  occurrence  of  dust-explosions.  They  had  the  advantage 
of  good  advisers,  among  them,  Dr.  D.  K.  Tuttle,  a  chemist,  now  of 
the  United  States  Mint,  at  Philadelphia.  But  they  could  suggest 
nothing  better  than  to  dampen  the  dust  by  means  of  small  jets  of 
water  thrown  from  pipes  secured  within  the  mine,  a  method  sug- 
gested by  the  fire-protection  pipes  in  the  cotton-duck  mills  of  Mr. 
William  E.  Hooper,  at  Wood  berry,  near  Baltimore. 

The  precaution  actually  taken  was  to  put  no  more  blasts  in  the 
vein-matter,  and  to  fire  none  in  the  side-walls,  except  when  the 
mine  contained  no  men.  Even  these  precautions  at  length  failed ;  the 
east  mine  suffered  an  explosion  which  much  injured  it,  and  in  connec- 
tion with  which  four  men  assumed  risks  which  cost  them  their  lives. 

Fig.  2  is  a  distorted  diagram  of  a  vertical  section  of  the  east 
mine,  at  February  25,  1873.  There  are  no  existing  records  from 
which  a  scale-drawing  might  be  constructed;  and  unfortunately,  the 
writer  has  not  clear  memories  of  the  distances  involved.  However, 
we  shall  not  be  seriously  in  error  if  we  accept  these  assumptions :  Dis- 
tance between  east  and  west  portals  of  the  two  parts  of  level  1,  800 
feet ;  length  of  cavern  in  level  3,  350  feet,  and  height  of  it,  40  feet ; 
the  distance  from  air-way,  d,  to  the  closed  end  of  level  1  is  important, 
perhaps,  and  yet  the  writer  cannot  recall  what  it  was — it  may  have 
been  30  feet,  or  even  somewhat  more. 

It  should  be  stated,  that  the  back  of  the  east  part  of  level  1  was 
mined-material,  about  300  tons,  which  rested  upon  boards  supported 
by  timbers  upheld  by  the  two  side-walls. 
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About  the  closed  end  of  level  1,  the  roadway  had  to  be  widened 
by  means  of  blasts  in  the  side-walls.  Shortly  after  10  o'clock,  in  the 
morning  of  the  date  last  mentioned,  a  shot  was  ready  to  be  fired 
there,  near  e  of  the  figure. 

Blasts  were  invariably  charged  and  fired  by  the  mine-captain's 
helper,  and  nearly  always  they  were  discharged  when  the  mine  con- 
tained him  only.  But  occasionally,  as  in  this  instance,  when  but  few 
men  were  at  work,  noon  or  evening  was  not  waited  for,  but  those 
few  men  were  notified  to  leave  the  mine  while  a  shot  was  fired.  So, 
in  this  instance,  they  were  notified,  and  the  notice  was  repeated. 
The  two  men  who  were  mining  down  the  back  of  level  3,  about 
the  point  g,  twice  replied  that  they  would  take  the  risks  of  an  acci- 
dent. The  car-loader  in  level  1  was  ordered  to  leave,  but  instead  of 
so  doing  concealed  himself  in  some  timbering  (a  battery)  about  the 

Fig.  2. 


Distorted  Vertical  Section  of  Kitchie  Mine  (East)  as  it  existed  February  25,  1873. 

point  n  in  the  back  of  the  level.  All  the  above  was  learned  later 
from  the  man  who  fired  the  shot.  The  four  men  mentioned  were 
all  who  were  at  that  time  in  the  east  mine. 

After  the  captain's  helper  had  ignited  the  fuse  of  the  shot  in  the 
side-wall  of  the  level  near  e,  he  walked  east  to  about  s,  a  point  in  the 
level  at  which  the  north  side-wall  had  been  cut  away  that  cars  might 
there  pass  each  other.  He  passed  under  the  car-loader  who  had  con- 
cealed himself,  and  for  whom  he  was  on  the  lookout,  but  did  not  ob- 
serve him. 

A  mine-explosion  resulted,  fully  as  violent  as  those  which  occur 
at  fiery  coal-mines.  Cars  which  had  stood  in  level  1  were  shot  in 
complete  wreck  out  of  its  portal,  and  onwards  far  into  the  valley  of 
McFarland's  Run.  Some  timbers  took  a  similar  course,  notably  an 
oak  board  which  was  driven  through  an  irregular  track  and  which 
landed  at  last  upon  the  opposite  hills  of  the  valley  more  than  500 
feet  distant  from  the  level-portal. 
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In  the  ravine  of  Mine  Run,  at  the  portal  of  level  3,  there  was 
another  explosion  which  did  no  little  damage  to  the  pit-head  struc- 
tures. At  c  a  crater  was  formed,  and  from  it  were  thrown  what  we 
judged  to  be  40  tons  of  earth  and  stone.  A  tree  which  had  stood 
there  was  thrown  at  least  50  feet,  and  being  a  mountain  hemlock  of 
complete  growth,  it  afforded  some  measure  of  the  energy  which  had 
formed  the  crater.  According  to  my  present  memories,  the  latter 
was  fourteen  feet  deep;  its  figure  was  that  of  an  inverted  flat  cone. 

The  helper  who  fired  the  shot  was  found  wandering  in  the  level, 
burned  and  mentally  deranged,  but  otherwise  uninjured.  During 
lucid  intervals,  which  preceded  his  death,  he  told  us  the  story  of  the 
accident,  as  he  alone  knew  it;  of  his  warnings  to  the  men,  and  of 
his  having  seen  the  level  filled  with  bluish  flame  as  it  approached 
him. 

After  several  hours  of  labor,  the  car-loader  was  dug  out  from 
under  a  pile  of  hot  vein-matter  which  had  fallen  into  the  level  when 
its  supporting  timbers  were  swept  away.  The  two  men  who  had 
remained  at  g,  level  3,  bore  no  marks  of  injury  whatever,  no  burns 
and  no  abrasions;  yet  both  of  them  had  been  killed.  We  judged 
they  had  died  of  asphyxia,  or  because  of  the  pressure  which  had 
existed  in  the  level  at  the  moment  the  crater  was  formed. 

The  already-mined  grahamite  which  had  formed  the  back  of  level 
1,  had,  in  part,  fallen  into  the  level  when  its  timber  supports  were 
swept  away.  It  was  ignited,  and  it  afforded  a  troublesome  fire  to 
deal  with.  By  throwing  upon  it  water  from  pipes  led  into  the  level, 
we  were  able  to  shovel  it  into  cars  and  thus  remove  it  from  the 
mine. 

The  writer  is  aware  that  this  second  explosion  may  be  explained 
by  use  of  the  theories  now  held  of  coal-mine  explosions — that  it  was 
a  result  of  fire-damp  and  of  dry-dust  as  well.  There  was  a  sort  of 
gas-trap  where  ignition  began,  and,  possibly,  there  was  another  in 
the  roof  of  the  cavern  in  level  3,  even  if  surface-water  did  drip  at 
times  through  it.  But,  as  fire-damp  had  not  been  observed,  and  as 
it  was  not  essential  to  the  explosion,  it  seems  more  rational  to  regard 
this  as  having  been  a  dust-explosion  simply. 

In  the  paper  published  in  1873,  and  already  cited,  while  relating 
the  characteristics  of  grahamite,  Professor  Fontaine  says  : 

"The  fine  dust  produced  by  handling  the  mineral  is  capable,  when  very  dry,  of 
inflaming  from  an  open  lamp.  This  has  led  to  two  accidents  from  explosions. 
The  dry  dust  having  caught  fire  in  the  lower  levels,  the  gaseous  products  became 
mixed  wilh  air  in  the  upper  works  and  exploded." 
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This  mention  is  but  the  briefest  statement  of  bare  fact;  yet  it  has 
this  additional  interest — it  seems  to  have  been  the  first  printed  an- 
nouncement of  a  purely  mine-dust  explosion. 

Nineteen  years  after  the  conclusions  reached  by  us  in  the  early 
summer  of  1871,  while  reading  in  the  library  of  the  British  Museum, 
the  writer  saw,  for  the  first  time,  the  paper  printed  by  Faraday  and 
Lyell  in  January,  1845.*  It  was  a  report  made  by  them  to  the 
British  government  upon  the  Haswell  collieries  explosion  of  the  year 
previous;  a  report  written  in  parts  by  each  of  them,  as  is  clearly  in- 
dicated in  the  text.     Faraday  wrote  : 

"  In  considering  the  extent  of  the  fire  for  the  moment  of  explosion,  it  is  not  to 
be  supposed  that  fire-damp  is  its  only  fuel;  the  coal-dust  swept  by  the  rush  of  wind 
and  flame  from  the  floor,  roof,  and  walls  of  the  works  would  instantly  take  fire  and 
burn,  if  there  were  oxygen  enough  in  the  air  present  to  support  its  combustion." 

They  found  upon  the  mine-timbering  "  coke  gradually  increasing 
in  thickness"  as  they  "neared  the  place  of  ignition;"  coke  which, 
they  believed,  had  resulted  from  partial  combustion  of  coal-dust  so 
abundant  in  the  mine.     The  report  continues: 

"  There  is  every  reason  to  believe  that  much  coal-gas  was  made  from  this  dust 
in  the  very  air  itself  of  the  mine  by  the  flame  of  the  fire-damp,  which  raised  and 
swept  it  along ;  and  much  of  the  carbon  of  this  dust  remained  unburnt  only  for 
want  of  air." 

Thus  Faraday  announced  what  has  come  to  be  our  present  belief 
regarding  fire-damp  explosions  in  coal-mines. 

In  a  Royal  Institution  lecture,f  Professor  Abel  took  for  his  sub- 
ject the  dust-explosions  which  then  had  become  so  numerous  in 
wheat-  and  rice-mills.  The  lecturer  stated  that  such  explosions  had, 
"prior  to  1872,  appeared  enveloped  in  mystery,  until  their  probable 
cause  was  indicated  by  an  Austrian  observer."  Referring  to  the 
paper  of  Faraday  and  Lyell,  printed  in  1845,  the  lecturer  continues, 
•  ten  years  later,  M.  de  Souich,  an  eminent  French  mining-engineer, 
published  as  original  "  work  which  sustained  the  deductions  of  those 
writers.  .Professor  Abel  added,  "  Later  on,  M.  de  Souich  extended 
his  inquiries  into  the  part  played  by  coal-dust  in  mine-explosions." 

After  an  ordinarily  diligent  search,  made  in  the  library  of  the 
British  Museum,  and  in  the  Peabody  Library  at  Baltimore,  the 
present  writer  must  say,  that  he  failed  to  find  records  of  any  work 
done  by  the  Austrian  observer  of  Abel,  or  of  M.  de  Souich.  Several 
recent  writers  mention  both  of  them,  but  nobody  has  cited  the  places 
of  their  communications. 

*  Phil.  Mag.,  iii.,  xxvi.,  16.       f  Nature,  xxvi.,  19;  lecture  given,  April,  1882. 
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GOLD-MILLING  AT  THE  NORTH  STAR  MINE,  GRASS 
VALLEY,  NEVADA  COUNTY,  GAL. 

BY  EMILE   RECTOR  ABADIE,    GRASS   VALLEY,  CAL. 

(Virginia  Beach  Meeting,  February,  1894.) 

The  picturesque  little  mining  town  of  Grass  Valley,  nestled  in 
the  foothills  of  the  Sierra  Nevada  mountains,  at  an  altitude  of  2500 
feet,  has  been  for  43  years  the  scene  of  uninterrupted  activity  and 
prosperity,  as  the  center  of  a  mining  district  which  was  intimately 
associated  with  the  pioneer  days  of  California,  and  the  discovery  of 
gold  by  James  "W.  Marshall,  in  El  Dorado  county,  in  January,  1848. 

Although  placer-mining  was  inaugurated  in  Nevada  county  as 
early  as  1848,  the  first  quartz  ledge  was  not  located  until  the  sum- 
mer of  1850.  Discoveries  made  on  Gold  Hill  and  Massachusetts 
Hill  increased  the  excitement  in  quartz-mining,  and  hastened  the 
erection  (during  the  same  year)  of  the  first  mill  operated  in  the 
State. 

At  the  close  of  1864,  the  district  had  produced  $23,000,000  in 
gold,  and  all  the  well-known  properties  of  to-day  had  been  discov- 
ered and  worked.  The  Eureka-Idaho,  the  North  Star,  and  the  Em- 
pire mines  were  in  active  operation  ;  and  to-day  we  still  find  them 
equipped  with  large  crushing-plants,  operating  80  per  cent,  of  all 
the  stamps  in  the  immediate  Grass  Valley  district.  Of  the  mines 
just  named,  the  North  Star  possesses  the  most  recently  constructed 
mill,  a  description  of  which,  the  writer  believes,  may  prove  of  in- 
terest lo  members  of  the  Institute  engaged  in  the  milling  of  gold- 
ores. 

During  the  year  1886,  operations  at  the  North  Star  mine  (the 
property  of  the  North  Star  Mining  Company)  had  reached  such  a 
stage  of  development  that  the  necessity  of  a  crushing-plant  at  the 
mine  became  imperative,  and  early  in  October  the  erection  of  a  30- 
stamp  mill  was  in  progress.  The  building  designed  to  contain  40 
stamps  was  speedily  erected  ;  and  within  sixty  days  the  large  struc- 
ture was  under  cover.  Plate  A  represents  the  appearance  of  the 
mill  40  days  after  work  was  commenced. 

Late  in  February,  1887,  the  mill  was  in  readiness,  and,  upon  the 
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completion  of  the  water-power  system,  then  being  introduced  at  both 
mine  and  mill,  the  crushing  of  ore  was  commenced  March  15,  1887. 

The  local  topography  presented  most  favorable  conditions  for  a 
mill-site.  At  a  distance  of  only  142  feet  from  the  landing-floor  of 
the  main  incline  of  the  mine,  it  was  found  possible  to  discharge  the 
ore  at  a  vertical  height  of  67  feet  above  the  projected  concentrator- 
floor.  Fig.  1,  showing  a  cross-section  of  the  mill-site,  illustrates  the 
topographical  features  utilized  in  locating  the  present  North  Star 
mill.  During  the  construction  of  the  mill  all  mining  operations 
continued  uninterruptedly,  the  ore  extracted  being  crushed  in  leased 
plants  one  mile  distant. 

From  the  numerous  stopes,  the  ore  is  trammed  to  the  main  shaft, 
which  has  now  reached  a  depth  of  2400  feet,  with  an  average  in- 
cline of  20°.  The  shaft  is  well  equipped  with  a  double  track-way, 
over  which  140  cars  can  be  delivered  to  the  surface  in  9  hours,  ac- 
tual running-time.  One  man  on  each  shift  delivers  the  quartz  to 
the  mill  and  waste  to  the  dump. 

The  ore,  as  raised  from  the  mine,  is  delivered  in  mine-cars,  con- 
taining a  little  over  13  cubic  feet  each ;  three  cars  making  40  cubic 
feet,  or  two  tons  of  ore.  Sorting  on  the  surface  is  not  resorted  to ; 
underground,  however,  the  custom  of  "stripping"  the  ledge  in  situ 
insures  for  the  mill  a  clean  product,  generally  free  from  diabase  (the 
enclosing  rock). 

On  passing  into  the  mill  the  ore  is  discharged  over  grizzlies,  placed 
at  the  top  of  long  ore-bins.  There  are  8  tine-ore  bins,  one  for  each 
battery,  of  5  stamps,  each  provided  with  a  grizzly  4  by  12  feet  in 
size,  set  at  an  angle  of  40°.  The  3-by  f-inch  bars  are  placed  on 
edge,  2  inches  apart.  These  grizzlies  simply  classify  the  mine- ore 
into  fine  and  coarse.  The  former  drops  through  the  grizzly  directly 
into  the  fine-ore  bin,  from  which  it  passes  through  a  gate,  supplying 
the  automatic  feeder,  which  in  turn  supplies  its  own  particular  bat- 
tery. Meanwhile,  the  coarse  ore  is  delivered  over  the  grizzly  into 
the  coarse-ore  bin,  from  which  it  passes  through  a  gate  into  one 
of  the  three  rock-breakers.  From  the  breakers  it  drops  as  "  fine  " 
into  the  fine-ore  bin,  mixing  with  the  mine-fine,  and  passing  on  into 
the  ore-feeders  as  above  described. 

The  ore  thus  passes,  by  gravity  alone,  from  the  dumping-floor  to 
the  automatic  feeders.  One  man  on  the  day-shift  operates  the  rock- 
breakers  to  crush  the  accumulated  coarse  ore  delivered  from  the 
mine.  The  breakers  (improved  Blake,  9  by  15  inches)  run  inter- 
mittently, aggregating  not  over  7  hours'  work  during  the  24. 
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From  the  automatic  feeders  the  quartz  is  delivered  into  the  bat- 
teries for  stamping  and  amalgamation.  The  free-milling  character 
of  the  material  demands  only  the  simplest  methods  of  amalgama- 
tion and  concentration  for  the  recovery  of  its  gold-contents.  The 
pulp  discharged  through  the  battery -screens  flows  over  silver-plated 
copper  amalgamating-plates  to  concent.rating-machines  beyond,  pass- 
ing thence  for  further  treatment  in  pans,  or  escaping  from  the  mill 
direct  as  tailings. 

This  brief  outline  of  the  course  of  the  ore  through  the  mill  is 
illustrated  by  Figs.  2  and  3,  which  show  a  section  and  plan  of  the 
mill,  and  exhibit  the  very  advantageous  arrangement  of  the  entire 
plant.  Fig.  4  gives  in  detail  the  battery  frame  in  elevation.  For 
the  several  blue  prints,  from  which  these  engravings  have  been 
made,  I  am  indebted  to  Mr.  R.  S.  Moore,  Superintendent  of  the 
Risdon  Iron  Works,  San  Francisco. 

The  mill  contains  40  stamps,  weighing,  when  newly  shod,  875 
pounds  each.  The  stamps  drop  7  inches  eighty- six  times  per 
minute.  The  shoes  (steel  exclusively  used),  weigh  159  pounds,  and 
the  remaining  716  pounds  of  the  stamp  are  distributed  as  fol- 
lows:  stem,  358  pounds;  stamp-head,  228  pounds;  tappets,  130 
pounds. 

The  life  of  a  steel  shoe  averages  130  days,  and  it  crushes  during 
that  period  260  tons  of  ore.  The  weight  of  the  shoe,  when  re- 
moved, will  average  about  38  pounds.  The  very  smooth  and  uni- 
form wear  observed  on  these  shoes  is  due  in  great  measure  to  the  use 
of  cast-iron  dies. 

The  weight  of  the  die  when  new  is  100  pounds,  and  it  loses 
during  a  life  of  70  days  one-half  its  original  weight.  The  recent 
introduction  of  cast-iron  plates  2  inches  thick  has  increased  the  life 
of  the  die  to  80  days,  the  die,  when  removed,  weighing  from  40  to 
45  pounds.  These  plates,  two  in  number  to  each  battery,  fit  snugly 
in  the  mortar,  forming  a  false  bottom,  upon  which  the  dies  are 
bedded  as  usual.  They  serve  a  double  purpose,  prolonging  the  life 
of  the  dies  and  decreasing  the  height  of  the  discharge,  which 
ranges  from  an  initial  of  4  inches  to  a  maximum  of  6  inches. 

Brass  wire  No.  30  screens  and  perforated  No.  0  tin  screens  are 
used  exclusively.  The  latter  screen  is  an  experiment,  and  thus  tar 
has  given  good  results.  The  life  of  a  tin  screen  is  about  30  days; 
the  cost,  one-fourth  that  of  wire  screens.  At  the  North  Star  mill, 
in  crushing  113,955^  tons  of  ore,  the  cost  for  screens  has  been 
$0,008  per  ton.     Dies  have  cost  $0,026  and   shoes  §0.056  per  tou, 
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exclusive  of  a  rebate  of  H  cents  per  pound  on   removed  shoes  and 
dies. 

The  recovery  of  gold  is  first  made  in  the  mortar,  where  the  amal- 
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gamation  begins.  Mercury  is  fed  to  the  batteries  at  regular  inter- 
vals, the  amount  varying  with  the  grade  of  the  ore  crushed.  At 
times,  this  amount  has  exceeded  1  pound  per  battery,  or  a  flask  of 
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76J  pounds  in  9  days.  Of  this  amount,  however,  35  per  cent,  is 
recovered  at  the  fortnightly  retorting  of  amalgam.  There  is,  how- 
ever, a  considerable  loss  of  quicksilver,  which,  in  treating  113,955^ 
tons  of  ore,  has  amounted  to  S3680.05  or  SO. 032  per  ton. 

In  the  interior  of  the  mortar,  immediately  under  the  screen-frame, 
are  silver-plated  copper  plates  4J  inches  wide  by  52  inches  long. 
These  plates,  one  for  each  mortar,  are  bolted  to  chuck-blocks  fitting 
tightly  against  the  lip  of  the  mortar,  as  shown  in  Fig.  5,  a  section 
of  a  single-discharge  mortar  used  at  this  mill.  As  the  pulp  is  dis- 
charged from  the  mortar  through  screens,  it  falls  upon  an  outside 
battery-  or  splash-plate  18  inches  in  width,  covering  the  iron  mortar- 
apron,  which  is  bolted  to  the  mortar  and  forms  part  of  it.  The 
length  of  this  plate  is  equal  to  that  of  the  inside  plate. 

The  apron-plate,  48  by  58  inches,  lies  below  the  splash-plate, 
tapering  to  24  inches  and  connecting  with  the  three  sluice-plates 
which  cover  the  sluice  12  feet  long  and  24  inches  wide.  From  the 
sluice,  the  pulp  passes  over  shaking-tables,  which  have  a  plated  sur- 
face of  10  feet  by  48  inches,  made  up  of  two  plates  48  by  36  inches 
and  two  smaller  ones,  each  48  by  24  inches. 

The  grades  of  the  above  plates  are  as  follows:  battery-  and  apron- 
plates,  1J  inches  to  the  foot;  sluice-plates,  1^  inches  to  the  foot; 
shaking-tables,  1-^  inches  to  the  foot.  The  natural  tendency  of  the 
narrow  sluice-plates  to  "scour"  has  always  been  objectionable,  and 
in  fitting  the  more  recently  erected  batteries  with  a  line  of  plates, 
the  width  of  the  sluice  has  been  doubled.  These  plates,  eight  in 
number,  are  placed  side  by  side,  and  overlap  slightly,  aggregating 
15f  feet  by  4  feet  wide,  the  total  actual  plate-surface  being  equal  to 
that  of  the  narrow  sluice-plates  and  shaking-table  plates  combined. 
The  grade  of  these  new  plates  is  approximately  uniform  at  1J  inches 
to  the  foot. 

In  Fig.  6  these  improved  plates  (which  cannot  be  too  highly 
recommended)  are  shown  in  plan  and  elevation.  The  result  of 
this  introduction  by  the  writer  has  strengthened  the  desire  to  remove 
the  narrow  sluices  still  remaining. 

Plate  B  shows  the  old  and  new  plates,  in  the  immediate  fore- 
ground, to  the  left  and  right  respectively. 

Two-thirds  of  all  the  gold  recovered  by  amalgamation  is  found  in 
the  batteries.  The  yield  is,  however  variable,  frequently  reaching 
75  per  cent.  Of  the  amount  recovered  from  the  outside  plates,  the 
battery-  and  apron-plates  will  produce  70  per  cent.,  the  sluice-plates 
23  per  cent.,  and  the  shaking-tables  7  per  cent.     The  average  value 
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of  amalgam  from  all  sources  is  about  $7.25  per  ounce;  the  fineness 
of  the  gold-bars  is  856. 

The  batteries  are  cleaned  up  fortnightly  ;  the  outside  plates,  every 
other  day,  frequently  daily,  and,  on  rare  occasions,  morning  and 
evening. 

In  addition  to  the  usual  method  of  recovering  the  amalgam  from 
the  plates,  the  writer  introduced,  several  years  ago,  the  method  of 
hot-water  "sweating,"  which  can  be  recommended  for  its  simplicity, 
safety  and  excellent  results.  The  effect  of  simply  pouring  boiling 
water  upon  the  plates  or  immersing  them  (on  the  apron),  is  a  source 
of  as  much  pleasure  as  surprise  when  the  amount  secured  from  a 
poor-looking  plate  is  weighed.  Notwithstanding  previous  sweatings 
during  the  year,  the  December  or  annual  sweating  at  the  North 
Star  mill  produced  1703  ounces  amalgam  from  which  600  ounces 
gold  was  obtained,  valued  at  $10,524.82. 

Leaving  the  battery-floor,  the  pulp  is  conveyed  through  3-inch 
pipes  to  the  concentrators  on  the  floor  below.  Each  battery  of  5 
stamps  being  provided  with  two  machines,  the  full  complement  con- 
sists of  12  Triumph  and  4  Frue  vanners.  The  latter  machines  are 
preferred,  and  were  introduced  when  the  10  additional  stamps  were 
installed.  The  machines  are  conveniently  arranged  on  one  floor 
and  readily  overlooked  by  one  man  on  each  shift.  The  appearance 
of  the  concentrator-floor  is  presented  in  Plate  C. 

The  ore  crushed  at  the  North  Star  mill  contains  about  4  per  cent, 
of  "sulphurate."  Their  average  value  is  $53.58  per  ton  ;  and  they 
have  yielded  in  seven  years  a  total  product  of  $236,756.63.  The 
concentrates  are  sold  to  the  local  chlorination-works. 

From  the  concentrating-machines  the  pulp  escapes  as  tailings, 
containing  more  or  less  gold,  notwithstanding  a  high  percentage 
saved  of  the  ore-value  (reaching  94  per  cent,  under  favorable  condi- 
tions). At  the  present  writing,  there  is  in  operation  a  simplex 
rotary  amalgamator,  treating  10  tons  of  tailings  per  24  hours. 
Results  obtained  thus  far  have  reduced  the  loss  in  the  tailings  22 
cents  per  ton. 

The  mill  is  operated  entirely  by  water-power  and  notwithstanding 
a  high  rate  per  available  horse-power,  the  cost  of  power  per  ton  of 
ore  crushed  has  not  exceeded  $0.32.  The  water  used  has  previ- 
ously been  utilized  by  the  Origiual  Empire  Mill  and  Mining  Com- 
pany under  a  head  of  450  feet.  At  the  North  Star,  the  effective 
head  is  275  feet  at  the  mill. 

In  conclusion,  to  accompany  the  foregoing  description  the  following 
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tables  have  been  prepared,  giving  details  of  the  cost  of  milling  at 
the  North  Star,  extending  over  several  years.  During  this  period 
the  average  value  of  the  ore  crushed  has  been  high ;   and  for  the 
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Section  of  Mortar,   North  Star  Mill. 

Scale  1  in.—  1  ft. 


year  just  concluded  a  gross  production  of  $335,757.04  has  been 
attained. 

Plate  D  is  a  general  view  of  the  plant. 
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PRODUCT  AND   ECONOMICAL   RESULTS  OF  THE  MARSAC 
REFINERY  FOR  TEE  YEAR  1892. 

BY  C.  A.  STETEFELDT,  OAKLAND,  CAL. 

(Virginia  Beach  Meeting,  February,  1894.) 

In  a  former  paper  {Trans.,  xxi.,  286)  I  described  the  plant  of  the 
Marsac  Refinery,  and  the  manipulations  of  the  process,  but  could 
not,  at  the  time,  give  reliable  statistical  results.  To  supply  the  latter 
is  the  object  of  the  present  paper.  I  shall  give  actual  facts  as  cor- 
rectly as  possible,  without  any  bias  one  way  or  the  other.  For  all 
statistics  I  am  indebted  to  Mr.  W.  G.  Lamb,  who  has  charge  of  the 
Marsac  lixiviation-plant  and  refinery  ;  to  Mr.  A.  Luebeck,  assayer 
at  the  Ontario  mill ;  and  to  the  Daly  Office,  Salt  Lake  City.* 

Before  starting  on  the  work  of  theyear  1892,  a  most  careful  clean-up 
was  made,  and  any  remnants  were  charged  to  the  refinery.  During 
1892  the  Marsac  lixiviation-works  produced  48.8  tons  of  so-called 
"regular"  sulphides,  which  contained,  on  an  average,  11,449  ounces 
of  silver  per  ton  ;  11.77  ounces  of  gold  per  ton  ;  and  569.8  pounds  of 
copper  per  ton.  To  this  must  be  added,  266  pounds  of  sulphides  and 
by-products  left  over  from  the  product  of  1 891,  which  contained  1380 
ounces  of  silver,  1.41  ounces  of  gold,  and  63  pounds  of  copper.  Be- 
fore giving  the  results  of  the  clean-up,  a  general  discussion  of  the 
items  of  expense,  methods  of  assaying,  etc.,  is  desirable. 

*  I  had  already  sent  the  manuscript  of  this  paper  to  our  secretary  when  Mr. 
Lamb  informed  me  that  a  silver-thief  had  been  caught  at  the  Marsac  mill.  Silver 
was  stolen,  not  only  recently,  but  also  from  the  product  of  1892.  The  quantity 
stolen  in  that  year,  thus  far  traced,  and  all  shipped  and  sold  to  one  firm  of  jewellers 
in  Chicago,  amounts  to  1821.75  ounces  of  silver,  and  1.87  ounces  of  gold,  i.e.,  it  rep- 
resents over  three-tenths  of  one  per  cent,  of  the  whole  output.  While  thus  the 
apparent  loss  of  silver  is  considerably  reduced,  it  is  doubtful  whether  the  remaining 
loss  is  not  also  in  part  due  to  stealing,  so  that  the  process  may  have  done  metallurgi- 
cally  and  financially  much  better  work  than  is  represented  in  this  paper.  The  stolen 
silver  has  been  introduced  in  the  statistical  figures  as  a  separate  item,  wherever  nec- 
essary. It  does  not  influence  the  expense  account,  except  express  and  refining 
charges,  and  these  are  deducted  from  the  value  of  this  silver  in  figuring  the  net 
amount  of  cash  realized.  It  is  not  necessary  to  introduce  the  item  of  reclama- 
tion— no  doubt,  the  Chicago  jewellers  who  buy  stolen  silver  have  already  taken 
care  of  that. 
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Labor. — The  48.93  tons  of  sulphides  (and  remnants)  were  put 
through  the  refinery  in  10  months  and  20  days,  requiring  in  a  day- 
shift  the  labor  of  two  men  (one  at  $4.00,  one  at  $3.50),  and  one  boy 
(at  $2.00).     This  is  exclusive  of  the  labor  for  melting  bullion. 

Coal. — Of  the  coal  delivered  at  the  refinery,  a  portion  was  con- 
sumed in  the  stove  supplying  hot  air  for  the  sulphide-dryer.  Mr. 
Lamb  estimates  that  this  was  fully  one-quarter  of  the  quantity  de- 
livered, and  I  have  made  a  deduction  accordingly. 

Steam. — The  cost  of  steam  consumed  by  Koerting  pumps  and 
blowers,  for  running  the  ball-mill  and  cake-press  and  for  heating 
solutions  in  the  dissolving-tanks,  is  estimated  by  Mr.  Lamb  at  $929, 
and  I  consider  this  rather  too  high  than  too  low. 

Cement- Copper. — It  will  be  noticed  that  the  refinery  produced 
about  as  much  cement-copper  as  it  consumed ;  hence,  the  cement- 
copper  does  not  enter  as  an  item  of  expense.  The  iron  consumed  in 
the  precipitation  of  copper  costs  nothing,  there  being  always  on 
hand  at  the  mill  an  abundance  of  old  wrought-iron.  The  cement- 
copper  results  by  precipitation  of  wash-water  from  the  silver  filter- 
tanks,  and  of  impure  mother-solutions  from  the  crystallizing- vats, 
i.e.,  the  latter  solutions  go  to  precipitation  as  soon  as  a  mixed  copper 
and  iron  vitriol  commences  to  crystallize. 

Bullion- Melting. — The  melting  of  the  silver-cakes  was  done  in 
crucibles ;  it  should  have  been  done  in  a  reverberatory -furnace.  Such 
a  furnace  was  introduced  by  the  writer  many  years  ago  at  the  On- 
tario mill.  Since  at  the  Marsac  mill  no  accurate  account  was  kept 
of  the  cost  of  crucible-melting,  I  substitute  here  the  cost  of  rever- 
beratory-furnace  melting. 

According  to  Mr.  A.  D.  Moffat,  1449  bars,  weighing  2,152,523 
ounces  troy,  or  147,635  pounds  avoird.,  were  melted  at  the  Ontario 
mill,  during  1892,  consuming  materials  and  labor  as  follows: 

36  cords  of  wood,  at  $5.00, $180  00 

3240  pounds  of  borax,  at  9  cents,  ......  291  60 

Labor  for  melting  and  weighing,  ......  270  00 

For  2  new  hearths  : 

1  mason  for  5  days,  at  $5.00, 25  00 

200  Denver  fire-brick, 12  00 

100  pounds  of  fire-clay, 1  00 

Blacksmith's  work,  repairing  tools, 10  00 

Total $789  60 

This  would  be  36.68  cents  per  1000  ounces  of  bullion  in  bars. 


PRODUCT   OF   THE   MARSAC   REFINERY   FOR   1892.  223 

The  36  cords  of  wood  could  be  easily  replaced  by  24  tons  of  Coal- 
ville coal,  at  $4  per  ton,  reducing  the  cost  of  fuel  to  $96,  and  the 
total  cost  to  $705.60,  or,  the  melting  of  1000  ounces  of  bullion  to 
32.78  cents. 

About  2  tons  or  more  of  bullion  are  accumulated  before  melting 
is  started,  and  this  quantity  is  put  through  in  three  charges.  The 
night-watchman  starts  the  fire  at  1  a.m.,  so  that  the  first  melt  is 
ready  to  draw  at  7  a.m.,  when  the  two  melters  go  on  shift.  The 
furnace  once  hot,  the  two  other  melts  follow  quickly,  and  by  3  p.m. 
the  whole  work  is  done,  including  cleaning,  dressing  and  weighing 
the  bars.  After  drawing  slag,  the  metal  is  well  stirred  and  tapped 
into  a  row  of  moulds  resting  on  a  movable  car.  Only  one  assay  is 
necessary  for  the  bars  belonging  to  one  melt.  The  hearth  of  the 
furnace  is  made  of  the  best  Denver  fire-brick,  and  lasts  for  about  54 
melts  before  renewal  becomes  necessary.  The  arch  over  the  hearth 
of  the  furnace  is  movable  so  that  repairs  can  be  easily  made.  I  do 
not  know  of  a  more  simple  and  economical  method  of  melting  bullion. 
The  first  furnace  of  this  kind  was  built  by  the  writer,  in  1882,  at  the 
Lexington  mill,  Montana.  The  flue  of  the  furnace  should  be  con- 
nected with  a  dust-chamber  for  the  deposition  of  fine  silver-globules 
carried  forward  by  the  draught  during  the  boiling  of  the  metal. 

Refinery- Cleanings. — The  large  quantity  of  refinery-cleanings  (6.5 
tons)  consisted  principally  of  ashes,  unburnt  coke,  slags,  and  broken 
crucibles  from  bullion-melting,  and  some  matte-soaked  bricks  from 
the  muffle-furnace.  The  crucibles  were  of  poor  quality,  an  old  lot 
being  on  hand  in  the  store-house,  originally  made  for  melting  anti- 
mony. With  reverberatory-furnace  melting  of  the  silver-cakes  these 
refinery-cleanings  would  be  very  small  in  weight  and  carry  much 
less  silver. 

Assays. — The  mill-assays  of  the  sulphides  represent  the  so-called 
"  corrected  "  assays,  i.e.,  to  the  precious  metals  found  by  a  careful 
scorification-assay,  the  silver  and  gold  contained  in  the  slag  of  the 
scorifiers  and  in  the  cupels  are  added,  which  increases  the  original 
result  from  1.2  to  1.3  per  cent. 

It  may  not  be  out  of  place  to  make  here  a  few  general  remarks 
about  the  assays  of  ores,  lixiviation-sulphides,  and  bullion  going  to 
refineries.  Our  reduction-works,  whether  mills,  smelters  or  refineries, 
keep  only  commercial  but  no  exact  metallurgical  statistics.  Even 
the  famous  government  smelting- works  at  Freiberg  and  Clausthal 
have  their  Hiittenremedien.  The  assays  of  ores,  as  generally  made 
in  mills  and  smelting-works  in  this  country,  are  far  below  the  actual 
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contends  in  silver  and  gold  ;  in  extreme  cases  this  shortage  may  reach 
15  per  cent.  In  making  this  statement  I  am  far  from  accusing  cus- 
tom-mills and  smelting-works  of  dishonest  practice.  If  they  were 
to  make  a  settlement  on  the  basis  of  actual  values,  they  would  have 
to  increase  the  percentage  of  their  deductions  on  the  precious  metals 
materially.  There  is  a  justification  for  these  commercial  assays, 
namely,  the  greater  the  loss  in  assaying,  the  greater  in  proportion 
will  be  the  loss  in  treatment  on  a  large  scale. 

I  never  heard  of  a  refinery  that  would  not  make  reclamations  on 
bars  stamped  to  their  full  value.  In  well-conducted  parting-works, 
using  the  sulphuric  acid  process,  the  legitimate  loss  in  silver  is  not 
less  than  0.1  per  cent.  If  the  books  of  the  refinery  do  not  show  this 
loss  it  is  because  their  calculations  are  based  on  uuderstamped  bars. 
Hence,  a  moderate  underraluation  of  bars  is  excusable,  or  the  refinery 
would  be  the  loser.  But  some  establishments  carry  this  a  little  too 
far,  and  then  we  can  call  it  only  by  a  hard  name. 

While  at  Austin,  Nevada,  from  1865  to  1869,  the  writer  melted 
and  assayed  a  great  deal  of  bullion,  and  the  bars  were  shipped  to 
various  refineries  in  Europe  and  in  the  United  States.  The  worst 
reclamations — which  were,  however,  successfully  contested — came 
from  a  firm  in  Paris ;  the  next  best  experts  in  reclamations  were  a 
well-known  establishment  in  San  Francisco.  Such  unblushing  rob- 
bery, I  am  glad  to  say,  has  ceased  to  exist.  If  silver-bars  only  yotttj 
and  below,  fine  in  gold  are  parted  and  refined,  the  reclamations  on 
gold  are  generally  very  heavy.  I  do  not  know — and  all  refineries 
are  averse  to  giving  information  for  publication — how  great  the  actual 
loss  of  gold  in  such  cases  is ;  but  I  presume  that  it  may  be  difficult 
to  obtain  a  complete  settling  of  the  extremely  fine  particles  of  gold 
when  it  forms  so  small  a  fraction  of  the  alloy.  I  am  convinced  that 
the  Moebius  electrolytic  process  is  cheaper  and  better  adapted  to  the 
parting  and  refining  of  such  bullion  than  the  sulphuric  acid  process. 
Wherever  cheap  water-power  is  available,  and  the  output  is  large, 
reduction-works  producing  dore  bullion  will  find  it  profitable  to  do 
their  own  refining  by  the  electrolytic  process.  Several  producers  in 
one  locality  could  easily  combine  and  erect  a  plant  for  common  use. 
I  make  the  above  remarks  that  the  reader  may  better  understand 
what  follows. 

Sale  of  Refinery- Cleanings. — The  6.5  tons  of  refinery-cleanings 
were  sold  to  the  Omaha-Grant  smelter  at  sulphide-rates  (these  will 
be  stated  later  on).  A  settlement  was  made  on  the  basis  of  7400.45 
ounces  of  silver  and  5.223  ounces  of  gold,  according  to  mill-assays. 
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At  the  time  of  the  sale  the  price  of  silver  was  lower  than  84.864 
cents;  but  having  assumed  this  price  throughout,  this  being  the 
average  price  for  which  silver  in  bars  was  sold,  I  retain  it  here  for 
the  sake  of  uniformity  in  making  comparisons.  On  this  basis,  the 
silver  in  refinery-cleanings  brought  $6091.91,  and  the  gold,  $104.46, 
total,  $6196.37,  less  freight  and  charges  of  $30  per  ton. 

Returns  of  the  Aurora  Refinery. — The  Marsac  bars,  on  an  average 
.927  fine  in  silver  and  .00096  fine  in  gold,  were  all  shipped  to  the 
Aurora  refinery.  The  latter  first  remelts  the  bars  in  large  crucibles, 
and  then  charges  0.7  cent  per  gross  ounce  on  their  weights  after 
remelting,  for  parting  and  refining.  The  refined  bars  were  then 
shipped  for  sale  to  New  York.  The  following  table  shows  the  dif- 
ferences between  the  mill -assays  and  the  returns  of  the  Aurora  refi- 
nery. 

Table  Showing  Reclamations  of  Aurora  Refinery* 


Fine  silver. 

Fine  gold. 

Ounces. 

Ounces. 

Marsac  assays, 

.     545,044 

569.752 

Aurora  returns, 

.     543,003 

536.563 

Reclamations, 

2,041 

33.189 

Or,. 

5.82.  per  cent. 

The  average  price  at  which  the  silver  was  sold  in  New  York  was 
84.864  cents  per  fine  ounce.     The  whole  product  brought: 

For  silver, $460,814.80 

For  gold, 11,090.74 

Total, $471,905.54 

The  reclamations  amounted  to  : 

On  silver $1732.07 

On  gold, 686.00 

Total $2418.07 

*  If  the  figures  in  the  annual  report  of  the  Daly  Company  be  compared  with 
those  in  this  paper,  a  discrepancy  will  be  found.  This  is  due  to  the  omission  in  the 
annual  report  of  one  bar  which  actually  belonged  to  the  clean-up. 

The  annual  report  also  shows  a  much  larger  quantity  of  silver  in  sulphides  sold 
to  smelters  than  would  be  normally  contained  in  base  sulphides  and  carbonates 
which  do  not  go  to  the  refinery.  This  came  about  as  follows :  At  the  time,  the 
Solvay  soda  used  for  precipitating  lead  separately  had  been  all  consumed,  and  the 
arrival  of  a  new  supply  was  delayed.  Hence,  the  silver-solution  had  to  be  precipi- 
tated, for  some  time,  at  once  by  sodium  sulphide  producing  precipitates  rich  in  lead 
and  not  adapted  to  treatment  in  the  refinery. 
vol.  xxiv. — 15 
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It  will  be  seen  that  the  Aurora  reclamations  on  silver  are  not  ex- 
cessive, while  those  on  gold  are  out  of  proportion.  However,  the 
Aurora  refinery  may  not  have  recovered  more  gold  than  reported 
above.  So  far  as  the  extraction  of  gold  in  the  Marsac  refinery  is 
concerned,  there  is  no  reason  why  it  should  be  below  that  of  silver  ; 
on  the  contrary,  it  should  be  in  excess,  as  shown  by  all  the  Marsac 
mill-assays.  The  Aurora  returns,  however,  make  the  apparent  loss 
in  gold  very  large. 

Statistics  of  the  Marsac  Refinery. 

The  following  statement  shows  the  quantities  of  metals  and  sul- 
phuric acid  sent  to  the  refinery  : 

Sent  to  the  Refinery. 

Ounces. 

Silver,  in  sulphides, 558,715 

"     in  remnants,         .         .        .         .        .        .        .        .•       1,380 

Total, 5(50,095 

Gold,  in  sulphides, 574.42 

"     in  remnants, 1.41 

Total 575.83 

Pounds. 

Copper,  in  sulphides, 27,805 

"        in  remnants,      .......  63 

"       in  cement-copper,     ......  3,363 

Total, 31,231 

Sulphuric  acid  (66°  B), 52,906 

This  gives  a  consumption  of  0.51  pounds  of  sulphuric  acid  per 
pound  of  sulphides,  or  1.74  pounds  per  pound  of  copper  actually 
dissolved,  or  1.96  pounds  per  pound  of  copper  in  blue-stone.* 

The  comparatively  low  consumption  of  sulphuric  acid,  considering 
that,  besides  the  copper,  some  impurities  in  the  roasted  matte  are 
also  dissolved,  is  explained  by  the  fact  that  the  roasted  matte  con- 
tains more  or  less  silver  sulphate  and  cuprous  oxide,  which  react 
upon  each  other  in  the  dissolving-tanks,  precipitating  silver  and 
forming  copper  sulphate.  On  account  of  the  presence  of  cuprous 
oxide,  the  copper-plates  suspended   in   the  dissolving-tanks  are  not 

*  These  figures  are  not  absolutely  correct,  but  as  close  as  possible  under  the  cir- 
cumstances. A  few  hundred,  or  even  a  thousand  pounds  more  or  less  of  sulphuric- 
acid  would  not  influence  the  expense-account  materially. 
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perceptibly  attacked,  and  are  kept  there  only  as  a  matter  of  precau- 
tion. 

Product  of  the  Refinery. 

(Mill-assays). 


Silver  :* 

Ounces. 

Per  cent. 

In  bars, 

Stolen 

.     545,044 

1,822 

•JS}«« 

Refinery-cleanings,     . 

7,400 

1.321 

Final  cleanings,  .... 

169 

0.030 

Not  accounted  for, 

5,660 

1.011 

Total, 

.     560,095 

100.000 

Gold  :* 

Ounces. 

Per  cent. 

In  bars,    ..... 

569.752 

98.945"!     nn  A 
0.325  I"'270 

Stolen,      

1.870 

Refinery-cleanings,  . 

5.223 

0.907 

Final  cleanings, 

0.071 

0.012 

Total,     .... 

576.916 

100.189 

Plus  of  gold,     .... 

1.086 

0.189 

Copper : 

Pounds  of Copper 

In  108,011  pounds  of  blue-stone, 

.     27,003 

In  cement-copper,     . 

. 

.      3,404 

In  refinery-cleanings, 

509 

Not  accounted  for,f 

• 

315 

Of  the  blue-stone,  there  was  sold : 

To  outsiders,  11,G37  pounds,  at  6 \  cents, 
To  the  mill,  96,011  pounds,  at  5£  cents, 

.     Total 


$726  30 
5,300  57 

£6,026  87 


*  In  figuring  the  product  on  the  basis  of  Aurora  returns,  the  silver  in  bars  would 
be  96.948  per  cent.,  and  the  loss  1.376  per  cent. ;  the  gold  in  bars  would  be  only 
93.180  per  cent.,  and  the  loss  as  large  as  5.576  per  cent.  As  already  remarked, 
there  is  no  reason  why  the  loss  in  gold  should  be  so  much  in  excess  of  the  loss  in 
silver,  and  the  Aurora  gold  returns  are  manifestly  too  low.  The  assay  of  sulphides 
for  gold  is  liable  to  be  below  the  actual  contents  in  gold ;  hence  the  plus  of  gold. 

f  The  copper  not  accounted  for  is  in  the  silver  bars.  The  latter  were  not  tested 
for  their  percentage  in  copper.  If  all  the  base  metal  in  bars  were  copper  there 
would  be  an  excess  of  the  latter  in  the  clean-up.  On  the  other  hand,  more  mother- 
solution  may  have  gone  to  precipitation  than  actually  belonged  to  the  clean-up  for 
1892.  Since,  however,  it  was  found  that  the  addition  of  cement-copper  in  matting 
sulphides  is  not  essential  to  the  success  of  the  process  (as  had  been  assumed  in  the 
beginning),  it  is  not  necessary  to  buy  cement-copper,  but  only  to  work  in  the  cement- 
copper  produced  in  the  refinery.  This  copper  always  contains  a  small  amount  of 
silver,  derived  partly  from  the  turbid  solution  coming  from  the  Roessler  tank,  and 
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Expenses  of  the  Refinery. 

Labor,         .... 

Coal,  170  tons,  at  $4.00, 

Sulphuric  acid,  52,906  pounds,  at  2.4S  cents, 

Materials  and  supplies, 

Melting  bullion, 

Steam  and  power, 

Freight  on  bullion,*    . 

Refining  and  commission,! 

Sacking  refinery-cleanings, 

Freight  and  charges  on  the  same, 

Total,!      .... 


$3,040  00 

680  00 

1,312  07 

269  00 

192  00 

929  00 

5,314  77 

4,397  81 

65  00 

195  00 

$16,394  65 


The  products  of  the  Marsac  refinery  were  sold  as  follows : 


Products  Sold. 


Bars,        .... 

Value  of  stolen  bullion,^  net, 

Refinery-cleanings, 

Blue-stone, 

Value  of  final  cleanings, 

Total,    . 
Less  expenses, 

Realized  net, 


$471,905  54 

1,543  92 

6,196  37 

6,026  87 

145  30 

$4S5,S18  00 
16,394  65 

$469,423  35 


Sale  of  Sulphides  to  Smelters. 

Before  the  Marsac  mill  erected  its  own  refinery  the  "  regular " 
sulphides  were  sold  to  the  Omaha-Grant  Company  on  the  following 
terms :  freight  and  charges,  $30  per  ton ;  97  per  cent,  of  the  silver 

partly  from  silver-bearing  scales  on  old  wrought-iron  used  for  the  precipitation  of 
copper. 

*  Freight  on  bars  from  Park  City  to  New  York,  via  Aurora,  is  0.975  cents  per 
fine  ounce  of  silver,  as  reported  by  mill-assay. 

f  The  broker's  commission  for  selling  bullion  in  New  York  is  ^s  of  one  per  cent, 
on  value.  This  and  the  Aurora  refining-charges  make  together  a  cost  of  0.806 
cents  per  fine  ounce  of  silver,  on  the  basis  of  mill-assay. 

X  In  this  expense-account  two  items  have  been  omitted  which  might  be  properly 
introduced,  namely,  a  charge  for  superintendence,  and  interest  and  amortisation  on 
the  capital  invested  in  the  refinery-plant. 

\  1821.75  ounces  of  silver  at  S4.86  cents,     .         .         .       $1,545  93 
1.87  ounces  of  gold, 38  65 

Total, $1,584  58 

Less  express  and  refining  charges,    ....  40  66 

Net  value, $1,543  92 
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paid  for  at  New  York  quotations;  $20  per  fine  ounce  of  gold.  To 
this  must  be  added  the  cost  of  sacking  sulphides  and  hauling  them 
to  the  Park  City  R.  R.  depot,  at  $10  per  ton,  and  the  reclamations 
on  the  mill-assays.  It  will  be  of  interest  and  importance  to  investi- 
gate the  differences  between  the  mill-assays  and  the  smelters'  assays 
of  sulphides. 

The  sulphides  are  first  carefully  sampled  and  assayed  at  the  mill, 
and  then  put  up  in  double  sacks  for  shipment.  After  arriving  at 
the  smelter  they  are  resampled  and  assayed,  and  a  bottle  is  sent  to 
the  mill  for  assaying.  The  two  samples  and  three  assays  form  the 
basis  of  settlement  between  the  mill  and  the  smelter,  but  there  are 
no  fixed  rules  about  it.  In  most  cases  a  splitting  of  differences  is 
resorted  to. 

The  following  abbreviations  will  here  be  used  :  M.  S. — M.  A., 
for  mill-sample  and  mill-assay ;  O.  S. — M.  A.,  for  Omaha  and  Grant 
sample  and  mill-assay;  O.  S. — O.  A.,  for  Omaha  and  Grant  sample 
and  assay. 

On  eight  lots  of  "regular"  sulphides,  sold  in  1890,  weighing 
17.5  tons,  and  containing,  as  per  M.  S. — M.  A.,  218,324  ounces  of 
silver  and  127.63  ounces  of  gold,  the  differences  in  assays  were  as 
follows : 

Comparing  O.  S.— M.  A.  with  O.  S.— O.  A.,  the  latter  was  0.587 
per  cent,  lower  in  silver  and  3.787  per  cent,  lower  in  gold  than  the 
former. 

Comparing  M.  S. — M.  A.  with  O.  S—  O.  A.,  the  latter  was  1.419 
per  cent,  lower  in  silver  and  5.469  per  cent,  lower  in  gold  than  the 
former. 

In  effecting  a  settlement,  a  deduction  or  reclamation  of  0.564  per 
cent,  in  silver  and  of  1.802  per  cent,  in  gold,  based  on  M.  S. — M. 
A.,  was  accepted  by  the  mill. 

On  five  lots  of  "regular"  sulphides,  sold  in  1891,  weight  16.72 
tons,  and  containing,  as  per  M.  S. — M.  A.,  156,091  ounces  of  silver 
and  134.28  ounces  of  gold,  the  differences  in  assays  were  as  follows: 

Comparing  O.  S.— M.  A.  with  O.  S. — O.  A.,  the  latter  was  1.355 
per  cent,  lower  in  silver,  but  2.271  per  cent,  higher  in  gold  than  the 
former. 

Comparing  M.  S—  M.  A.  with  O.  S—  O.  A.,  the  latter  was  2.020 
per  cent,  lower  in  silver,  but  3.951  per  cent,  higher  in  gold  than  the 
former. 

Separate  terms  of  settlement  for  these  lots  I  did  not  obtain  ;  they 
are  included  in  the  twenty-six  lots  following. 
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On  twenty-six  lots  of  "  regular  "  sulphides,  base  sulphides,  and 
carbonates,  sold  in  1891,  weight  76.69  tons,  and  containing,  as  per 
M.  S. — M.  A.,  505,255  ounces  of  silver,  and  427.28  ounces  of  gold, 
the  difference  in  assays  were  as  follows  : 

Comparing  M.  S.— M.  A.  with  O.  S—  O.  A.,  the  latter  was  1.923 
per  cent,  lower  in  silver,  but  3.796  per  cent,  higher  in  gold  than  the 
former. 

In  effecting  a  settlement,  a  reclamation  on  silver  of  0.931  percent. 
was  accepted  by  the  mill,  and  a  gain  in  gold  of  1.633  per  cent,  was 
conceded  by  the  smelter. 

Outside  of  these  twenty-six  lots,  twelve  lots  of  sulphides  were 
sold  in  1891,  on  which  no  reclamations  were  made. 

On  the  total  production  of  sulphides,  sold  in  1891,  there  was  a 
reclamation  of  0.616  per  cent,  in  silver,  and  a  gain  in  gold  of  1.078 
per  cent,  on  the  basis  of  M.  S. — M.  A. 

Finally,  I  received  from  the  Daly  office  a  statement  of  reclama- 
tions on  all  lots  of  "  regular  "  sulphides  sold  in  1889,  and  up  to  1892. 
These  contained  1,774,776  ounces  of  silver  and  1474.51  ounces  of 
gold.  The  reclamations  on  silver  were  5100  ounces,  or  0.287  per 
cent.,  and  on  gold  4.60  ounces,  or  0.312  per  cent. 

It  will  be  seen  from  the  above  figures,  that  there  is  more  or  less, 
and  rather  variable,  discrepancy  between  the  respective  samples  and 
their  assays.  This  is  not  surprising,  in  consideration  of  the  richness 
of  the  material,  the  different  methods  of  assaying,  and  the  effort  of 
the  smelter  not  to  be  found  on  the  losing  side.  It  is  not  necessary 
to  make  further  comments  on  these  figures — they  tell  their  own 
story. 

Net  Profit  Realized  by  Selling  Sulphides  to  Smelters. 

It  now  remains  to  investigate  how  much  the  mill  would  have  re- 
alized by  selling  the  product  of  "  regular  "  sulphides  for  1892  to 
smelters.  It  is  somewhat  difficult  to  decide  on  which  basis  of  recla- 
mation this  is  to  be  done,  and  Mr.  E,.  C.  Chambers  very  properly 
remarks  in  this  respect,  "  There  are  no  figures  that  can  be  furnished 
giving  a  reliable  guide  as  to  what  would  be  the  loss  through  recla- 
mations in  the  future,  because  there  has  been  no  regularity  in  the 
same." 

Under  the  circumstances,  I  consider  it  best  to  use  the  last  state- 
ment of  reclamations,  which  is  the  most  unfavorable  to  the  refinery. 
In  this  statement,  the  reclamations  on  silver  were  0.287  per  cent., 
and  on  gold  0.312   per  cent.     Heuce,  we  have  to  deduct  from  the 
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silver-product  of  560,095  ounces  for  1892,  first,  0.287  per  cent,  re- 
clamations, and  then,  3  per  cent,  smelters'  discount,  which  leaves 
541,734  ounces  of  silver  at  84.864  cents,  or  $459,727.14.  From 
the  gold  product  of  575.83  ounces  we  have  to  deduct  0.312  per  cent, 
reclamations,  which  leaves  574.04  ounces  at  $20,  or  $11,480.80. 
From  this  we  must  deduct  $1957.20  for  sacking,  for  freight,  and 
for  smelters'  charges  on  48.93  tons  of  sulphides. 

Realized  by  Selling  to  Smelters. 

Silver  sold  for, $459,727  14 

Gold  sold  for, 11,480  80 

Total, $471,207  94 

Less  Expenses, 1,957  20 

Realized  net $469,250  74 

Realized  net  by  refinery, 469,423  35 

Difference  in  favor  of  refinery,*         ....  $172  61 

*  After  the  Marsae  refinery  had  completed  the  clean-up  for  the  product  of  1892, 
the  Dewey- Walter  Refining  Company  took  a  contract  to  refine  the  "  regular"  sul- 
phides by  a  new  process  (dissolving  the  sulphides  in  hot,  concentrated  sulphuric 
acid),  and  started  operations  in  February,  1893.  The  terms  of  their  contract  are 
as  follows:  The  Dewey- Walter  Refining  Company  pays  all  expenses  for  labor,  fuel, 
chemicals,  and  supplies  (except  steam  and  power  which  are  furnished  by  the  mill), 
keeps  the  by-product  of  blue-stone,  and  returns  all  the  silver  and  gold,  as  per  mill 
sample  and  "  corrected  "  mill-assay,  in  the  shape  of  fine,  marketable  bars.  The 
mill  pays  for  this  performance  1^  cents  per  fine  ounce  of  silver  and  gold. 

Should  the  Dewey- Walter  Refining  Company  be  able  to  continue  this  contract 
in  the  future  (which,  at  the  time  of  this  writing — the  end  of  June,  1893 — is  by  no 
means  certain),  it  will  be  of  interest  to  calculate  how  much  the  Marsae  mill  would 
have  realized  on  the  product  of  1892  by  such  a  contract,  as  compared  with  selling 
to  smelters : 

Dewey-  Walter  Refining  Company's  Process — Expense  Account. 

Charges, $7,008  00 

Steam  and  power, 929  00 

Freight  on  bullion, 5,462  00 

Broker's  commission, 304  00 

Total, $13,703  00 

The  product  of  bullion  would  have  sold  for : 

Silver, $475,319  00 

Gold, 11,902  00 

Total, $487,221  00 

Less  expenses, 13,703  00 

Realized  net $473,518  00 

Realized  net  by  selling  to  smelters,         ....      469,250  00 

Difference, $4,268  00 
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Using,  however,  as  a  basis  for  calculation,  the  reclamations  on  the 
total  product  of  sulphides  sold  in  1891 — which  seems  to  me  more 
just  and  equitable,  because  these  reclamations  refer  to  the  last  sales — 
the  difference  between  selling  to  smelters  and  refining  at  the  mill 
by  the  old  process  would  have  been  $1520.28  in  favor  of  the  re- 
finery. 

From  this  it  appears,  that  in  order  to  make  refining  at  the  mill 
decidedly  profitable,  the  process,  as  conducted  in  1892,  must  be  im- 
proved ;  and  this  point  will  be  discussed  in  my  concluding  remarks. 
In  making  this  statement  it  is  assumed  that  the  loss  of  1  per  cent, 
in  silver  is  a  bona  fide  loss,  and  was  not  caused  by  further  stealing. 

Finally,  it  can  be  easily  seen  that,  with  a  lower  price  for  silver, 
the  profit  in  refining  at  the  mill,  as  compared  with  selling  to  smelters, 
becomes  less,  provided  the  terms  of  the  latter  remain  the  same.  The 
expenses  of  refining  are  independent  of  the  price  of  silver,  while  the 
smelter's  discount  of  3  per  cent,  diminishes  in  dollars  and  cents  with 
a  drop  in  the  price  of  silver.  It  is  evident,  however,  that  when  a 
certain  limit  has  been  reached,  the  smelter  will  have  to  raise  his  de- 
ductions if  he  wants  to  make  the  same  profit  as  formerly.  It  is, 
really,  the  deductions  and  not  the  freight  and  charges  of  $30  per 
ton,  out  of  which  his  profit  is  derived.  With  each  decline  in  the 
price  of  silver  of  1  cent  per  fine  ounce,  the  smelter's  margin  of  3 
per  cent,  on  sulphides  containing  11,449  ounces  of  silver  per  ton, 
declines  $3.43.  Considering  the  recent  drop  in  the  price  of  silver, 
this  lessening  of  the  smelter's  profits  becomes  quite  serious. 

Conclusion* 

The  old  process  for  refining  sulphides,  which  worked  very 
smoothly  in  a  technical  sense,  should  it  be  restored,  can  be  made 
more  economical  in  expense  and  less  wasteful  in  silver.  The  plant, 
as  now  constructed,  requires  only  an  addition  of  crystallizing- vats 
for  blue-stone  to  handle  more  than  double  the  quantity  of  sulphides, 
which  is  important  in  view  of  the  erection  of  lixiviation-works  by 
the  Ontario  mill. 

The  muffle-furnace,  which  was  running  intermittently,  proved, 

*  If  the  success  of  the  Dewey- Walter  process  were  an  accomplished  fact  (the 
process  has  been  abandoned  at  the  Aspen  mill,  Colorado)  it  would  not  be  worth 
while  to  continue  this  discussion.  Such  a  contract,  under  the  terms  specified,  would 
under  all  circumstances  be  of  benefit  to  the  Marsac  mill,  relieving  the  management 
of  a  great  deal  of  trouble  and  responsibility.  As  it  is,  however,  the  discussion  on 
the  old  process  may  be  continued  with  profit. 
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in  consequence,  to  be  very  wasteful  in  fuel.  It  took  more  coal  to 
heat  up  the  furnace  in  starting  roasting,  and  to  keep  it  hot  for  16 
hours,  while  no  roasting  was  done,  than  the  quantity  consumed  dur- 
ing roasting  itself.  Nor  would  it  be  necessary  to  employ  twice  the 
number  of  men  in  doubling  the  capacity  of  the  refinery. 

The  selling  of  sulphides  to  smelters  should  be  avoided,  if  possi- 
ble. There  is  too  much  annoyance  and  uncertainty  in  effecting  a 
just  and  equitable  settlement.  Every  improvement  in  the  present 
plant,  and  in  the  system  of  working,  will  materially  increase  the 
balance  in  favor  of  refining  at  the  mill. 

The  most  important  point  for  consideration  is,  to  reduce  the  loss 
of  silver.  Where  does  this  loss  take  place?  If  the  products  are 
carefully  handled,  the  mechanical  loss  by  dusting  is  very  slight.  The 
gases  from  both  the  matting-furnace  and  the  muffle-furnace  pass 
through  the  Roessler  converter,  where  dust  and  fumes  are  arrested. 
In  boiling  the  roasted  matte  in  the  dissolving-tanks  some  fine  silver 
may  be  carried  forward  by  the  steam ;  and  these  tanks  should  be 
covered  with  lead-lined  hoods.  If  the  asbestos  filters  in  the  silver- 
tanks  are  carefully  watched,  there  is  little  danger  of  silver  escaping 
with  the  copper-solution.  I  do  not  hesitate  to  say,  that  by  far  the 
largest  part  of  the  silver-loss  was  due  to  the  present  method  of  melt- 
ing the  silver-cakes  in  crucibles.  The  silver-cakes  contain  more  or 
less  impurities,  which  cause  the  metal  to  boil  during  and  after  fusion. 
In  fact,  the  silver  globules  adhering  to  the  sides  of  the  melting-fur- 
nace, and  accumulating  in  the  flue  leading  to  the  chimney,  and  the 
large  amount  of  silver  found  in  the  ashes,  are  sufficient  evidence  in 
support  of  this  statement.  Reverberatory-furnace  melting  would 
reduce  these  losses  to  a  minimum. 

It  would  be  well  to  moisten  the  cement-silver  before  pressing  into 
cakes  with  a  concentrated  solution  of  borax,  perhaps  with  addition 
of  nitre.  A  thorough  drying  of  the  cakes  would  not  be  necessary. 
The  reverberatory-furnace  could  be  charged  with  them,  and  a  slow 
fire  started  to  drive  out  all  moisture  first.  This  method  of  melting 
would  also  reduce  the  weight  of  refinery-cleanings  to  a  minimum, 
thus  causing  less  expense  in  their  reduction. 

A  further  saving  could  be  made  by  the  introduction  of  an  elec- 
trolytic plant  for  parting  and  refining  the  dore  bars.  This  would  do 
away  with  the  Aurora  reclamations  of  §2418.  The  metal  from  the 
melting-furnace  could  be  cast  at  once  into  plates  for  the  electrolytic 
refinery.  It  is  claimed  that  the  cost  of  refining  dore  bars  in  the 
Moebius  electrolytic  plant  at  Mansfield,  Pa.,  is  only  \  of  1  cent 
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per  ounce  of  bullion.  If  this  be  true,  I  should  think  ^  cent  would 
be  a  liberal  charge  at  Park  City,  provided  the  dynamos  were  run  by 
water-power  from  the  Ontario  tunnel. 

I  refrain  from  putting  these  estimated  profits  into  dollars  and 
cents,  because  this  can  be  just  as  well  done  by  the  reader  who  feels 
interested  in  the  subject. 

In  conclusion  I  may  say,  that  Mr.  "W.  G.  Lamb,  who  ran  the  old 
refinery  successfully  after  I  left  Park  City,  fully  endorses  all  the 
statements  and  opinions  expressed  in  this  paper. 


THE  BAUXITES:  A  STUDY  OF  A  NEW  MINERALOGICAL 

FAMILY. 

BY  FRANCIS  LAUR,   ENGINEER  OP  MINES,   DEPUTY   OF  THE  SEINE, 
PARIS,    FRANCE. 

(Virginia  Beach  Meeting,  February,  1894.) 

Bauxite,  at  first  considered  as  a  mineralogical  curiosity  without 
importance,  now  attracts  daily  increased  attention  from  mineralo- 
gists, geologists,  and  manufacturers.  The  metallurgy  of  aluminum, 
which  has  entered  with  the  advent  of  electrolysis  upon  a  new  phase 
within  the  last  few  years,  requires  every  day  larger  quantities  of 
pure  alumina,  and  this  can  only  be  obtained  from  bauxite,  which  is, 
of  known  substances,  the  richest  in  free  alumina. 

Bauxite  has  been  mined  since  1872  in  France,  whereabout  200,000 
tons  have  been  produced,  and  where,  as  a  natural  consequence,  its 
deposits,  qualities,  and  applications  have  become  known.  Within  a 
few  years  past,  discoveries  of  important  deposits  of  bauxite  have 
been  made  in  the  United  States  and  Canada,  and  this  almost  entirely 
new  subject  has  thus  acquired  an  additional  interest  for  the  mining 
engineers  and  metallurgists  of  the  American  continent.  A  brief 
summary  of  the  available  data  concerning  it  appears  likely,  there- 
fore, to  be  appropriate  and  valuable.* 

I.  — Historical. 

It  was  in  1821  that  the  famous  chemist  Berthier  discovered  at 
Baux  (Bouches  du  Rhone)  a  hydrate  of  alumina  (varying  from  QQ 
to  79  per  cent,  in  its  contents  of  the  oxide)  mixed  with  silica  and 

*  Secretary's  Note. — This  paper,  prepared  for  the  International  Congress  at 
Chicago,  was  received  too  late  to  be  accepted  for  that  meeting. — R.  W.  R- 
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ferric  oxide,  to  which  he  gave  the  name  bauxite,  thus  establishing  a 
new  and  vaguely  defined  mineral  species. 

This  new  mineral  subsequently  attracted  the  attention  of  M.  Le 
Chatelier,  a  mining  engineer,  who  attempted  to  utilize  it  in  the 
manufacture  of  sulphate  of  alumina,  but  without  great  success,  the 
quantity  of  ferric  oxide  present  rendering  the  sulphate  too  impure. 
His  endeavor  to  employ  the  mineral  in  the  preparation  of  re- 
fractory materials  was  thwarted  by  its  almost  unlimited  shrinkage. 

The  method  of  St.  Claire  Deville  for  the  manufacture  of  alumi- 
num having  been  brought  forward,  the  works  of  Salyndres  (Gard) 
manufactured  from  the  bauxite  of  Baux  the  pure  alumina  required 
for  that  process.  Unfortunately,  the  proportion  of  silica  contained 
in  this  bauxite  occasioned  very  considerable  losses  in  the  manufac- 
ture, which  was  finally  abandoned  about  1873. 

All  the  applications  of  bauxite  thus  far  appeared  to  have  been 
unsuccessful,  when,  about  1872,  M.  Trouilloud,  a  prospector,  and 
M.  Auge,  a  distinguished  Chief  of  Division  of  the  chemins  de  fer 
du  Midi,  brought  to  the  writer*  a  creamy-white,  pisolitic  rock, 
which  soiled  the  fingers  when  handled,  and  which  had  been  found 
in  a  bed-vein  of  considerable  size  in  the  tunnel  of  St.  Pargoire,  near 
Villeveyrac  (Herault,  France). 

The  following  analysis,  which  we  have  preserved,  showed  us  im- 
mediately the  importance  of  the  discovery,  and  the  existence  of  a 
new,  namely,  a  white,  bauxite,  containing: 

Per  cent. 

A1203. 82.00 

SiO„ 2.00 

Fe203, 0.10 

Water, 14.20 

Not  determined, 1.70 

100.00 

It  was  a  native  monohydrate  of  alumina,  A1203,  H2C 

This  bauxite  possessed  a  remarkable  property,  namely,  it  was 
easily  and  energetically  attacked  by  sulphuric  acid.  It  occurred  to 
us  at  once  to  resume  the  attempt  of  Le  Chatelier  in  the  direct  manu- 
facture of  sulphate  of  alumina.  The  small  proportion  of  ferric 
oxide  contained  in  the  Villeveyrac  deposit  favored  this  endeavor, 
and  we  were  so  fortunate  as  to  establish,  in   1875,  the  first  works 

*  The  two  gentlemen  named,  together  with  the  writer,  founded  the  firm  of  Auge 
et  Cie.,  which  has  exploited  the  French  bauxites  since  1873. 


236  THE    BAUXITES. 

manufacturing  sulphate  of  alumina  from  bauxite.     The  deposit  was 
then  exploited  continuously  and  on  a  considerable  scale. 

The  noted  American  manufacturers,  Messrs.  Harrison  Brothers, 
of  Philadelphia,  having  informed  themselves  concerning  our  bauxite 
process,  introduced  it  at  their  works,  and  for  more  than  a  dozen 
years  were  consumers  of  the  French  white  bauxites.  But  after  the 
uses  of  the  mineral  had  in  this  way  become  known  in  the  United 
States,  it  was  speedily  discovered  in  Alabama,  Georgia,  etc.  Thanks 
to  our  modest  labors,  therefore,  but  especially  to  those  of  Berthier 
and  Le  Chatelier,  America  has  become  independent  of  Europe  for 
its  supply  of  bauxite,  except  as  to  the  non-siliceous  variety,  concern- 
ing which  we  shall  speak  in  the  sequel. 

But  one  problem  solved  always  leads  to  the  solution  of  others. 

The  new  variety  of  bauxite  recognized  by  us,  as  above  narrated, 
contains  much  more  silica  than  the  selected  specimen  which  we  an- 
alyzed in  1873.  Certain  German  manufacturers,  Messrs.  Bergius, 
of  Lissa-Schlesien,  near  Breslau;  Messrs.  Giulini  Brothers,  of  Lud- 
wigshafen  ;  and  Mr.  Radeniacher,  of  Carolinenthal,  at  Prague,  in 
Bohemia,  requested  us  to  seek  for  them  in  France  bauxites  as  nearly 
free  as  possible  from  silica.  These  manufacturers  had,  in  fact,  taken 
up  again  the  Salyndres  dry  method  of  treating  the  red  bauxites,  by 
attacking  them  in  the  furnace  with  carbonate  of  soda.  But,  as  had 
been  the  experience  at  Salyndres  also,  each  unit  per  cent,  of  silica 
caused  a  considerable  waste  of  alumina  and  silica,  in  the  form  of 
insoluble  silico-alumiuates  of  soda,  during  the  treatment,  the  lixivi- 
ation,  etc. 

Our  investigations,  and  those  of  our  colleague,  Mr.  Auge,  were 
crowned  with  success.  We  were  able  to  bring  to  light,  in  the  French 
Departments  of  Bouches  du  Rhone,  Var,  Alpes  Maritimes,  etc.,  de- 
posits of  a  perfectly  red  bauxite,  constituting  a  fine  homogeneous 
paste,  and  containing  only  from  1  to  3  per  cent,  of  silica.  This  was 
still  another  uew  species. 

The  success  of  this  bauxite  was  considerable.  The  mineral  of 
Baux  was  abandoned,  and  the  shipments  of  red  non-siliceous  bauxite 
from  the  Var  attained  the  figure  of  20,000  tons  per  annum. 

At  last  came  the  new  method  of  the  manufacture  of  aluminum  by 
electrolysis,  which  America  did  so  much  to  bring  to  light,  and  the 
demand  became  more  imperious  than  ever  for  non-siliceous  bauxites, 
which  have  been  found,  up  to  the  present  time,  nowhere  except  in 
the  south  of  France,  but  which  may  be  hereafter  discovered  in  the 
United  States. 
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These  bauxites,  shipped  to  Germany,  are  transformed  into  pure 
alumina,  which  is  then  sent  to  all  parts  of  America,  notably  to  Pitts- 
burgh, etc.,  for  the  manufacture  of  aluminum.  It  is  scarely  neces- 
sary to  point  out,  in  passing,  the  advantage  which  would  be  derived 
by  America  from  the  manufacture  upon  its  own  soil  of  this  alumina, 
which  is  now  purchased  at  700  francs  or  $140  per  ton. 

Such  is  the  history,  rapidly  sketched,  of  the  discovery  of  differ- 
ent varieties  of  bauxite,  and  the  successive  phases  through  which 
their  commercial  applications  have  passed. 

II. — The  Family  of  the  Bauxites. 

Although  the  industrial  applications  of  this  mineral  have  been 
thus  developed  in  a  few  years,  an  exact  account  of  its  nature  is  still 
wanting.     What  are  the  bauxites? 

They  occur  in  the  earth's  crust  in  the  form  of  veins,  beds,  or 
amorphous  masses,  not  crystallized,  and  possessing  no  constant  or- 
ganoleptic characters.  Hardness,  color,  texture,  density — everything 
— changes,  often  in  the  same  deposit.  Hence  the  difficulty  of  estab- 
lishing general  characters  by  which  these  minerals  can  be  recognized. 
Impressed  with  this  difficulty  of  fixing,  mineralogically,  the  general 
characters  of  the  new  family  of  bauxites,  I  was  obliged  to  seek  to 
avoid  it  by  effecting,  with  the  aid  of  thousands  of  analyses,  a  sort  of 
molecular  classification,  in  the  absence  of  constant  external  peculi- 
arities.    The  result  of  this  endeavor  will  now  be  stated. 

When  these  minerals  are  studied,  not  in  isolated  specimens  but  in 
mass,  it  is  quickly  noticed  that  there  is  in  their  composition  one  con- 
stant, so  to  speak,  namely,  the  general  proportion  of  anhydrous  alu- 
mina, Al203,  the  average  of  which  is  about  66  to  69  per  cent.  This 
figure  is  given  by  the  analyses  of  thousands  of  shipments.  Repre- 
senting this  constant  by  A,  we  find  three  variable  elements,  e,  besides, 
namely,  *~ater,  silica,  and  ferric  oxide ;  and  it  is  a  remarkable  fact, 
that  the  am  of  the  weights  of  these  is  constant  also  at  about  27  per 
cent.     We  will  represent  it  by  Pe. 

Finally,  the  various  accessory  substances  (titanium,  vanadium,  etc.) 
which  occur  even  in  the  purest  bauxites,  present  a  constant  total  of 
about  3  to  4  per  cent.     These  we  represent  by  C. 

Thus,  the  centesimal  formula  of  the  bauxites : 

68  to  70  A1203  +  27  (Si02,  Fe203,  H20)  -f-  4  (sundry  accessories) 

may  be  written  in  general  form  as  A  -(-  Pe  +  C. 

But  the  three  variable  elements  of  Pe  have  the  singular  prop- 
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erty  of  replacing  one  another,  in  whole  or  in  part,  separately  increas- 
ing, diminishing,  or  totally  disappearing,  without  change  of  the  total 
of  27  per  cent.,  and  without  altering  the  fixed  mineral  species,  which 
is,  according  to  our  view,  the  bi-hydrate  of  alumina,  forming  the 
base  of  the  mineral.  These  varying  substitutions  give  rise  to  the 
different  types  of  which  we  shall  speak. 

The  Bauxite  of  Baux. — Before  our  discovery  of  the  white  bauxites 
of  Villeveyrac  (Herault),  there  was  only  known  the  impure,  more  or 
less  ferruginous  and  siliceous  bauxite,  reported  from  the  village  of 
Baux,  by  Berthier.  Subsequently,  the  bauxites  of  Neustadt,  Leo- 
ben  (Austria),  Ireland,  etc.,  received  mention.  They  constituted  a 
vaguely  characterized  variety,  containing  the  constant  of  alumina, 
A,  with  the  elements  of  iron,  silica,  and  water,  often  in  equal  thirds, 
constituting  a  variegated  white  and  red  (sometimes  pink)  bauxite  of 
indefinite  composition,  but  for  which,  in  strictness,  the  formula 

A  +  Pe  [£H20,  JSi02,  ^Fe203]  +  C. 

could,  perhaps,  be  employed.  However,  we  have,  in  fact,  to  deal  at 
Baux,  not  with  a  definite  type  of  bauxite,  but  rather  with  a  mixture 
of  the  types  hereafter  to  be  described. 

Pale  Bauxite. — As  has  been  narrated  above,  Mr.  Auge  and  the 
writer  brought  to  light,  at  Villeveyrac,  and  introduced  into  indus- 
trial use,  a  variety  which  we  have  denominated,  by  reason  of  its 
peculiar  appearance,  pale  bauxite.  Its  composition  was  practically 
novel.  The  ferric  oxide  has  been  almost  entirely  replaced  with 
silica,  giving  a  mineral  with  something  of  the  aspect  of  a  soft  chalk, 
of  creamy  color,  staining  the  fingers,  often  pisolitic,  and  having  a 
composition  which  could  be  expressed  by  the  formula  : 

A  +  Pe[±H20,|Si02]  +C. 

It  will  be  seen  that  in  this  bauxite  one  part  of  water  has  been  re- 
placed with  silica,  while  the  ferric  oxide  has  been  relegated  to  the 
category  C  of  accessory  constituents. 

It  is  upon  this  siliceous  pale  bauxite,  which  is  attacked  by  acids 
with  peculiar  ease,  that  we  inaugurated  in  France  (at  L'Oseraie,  near 
Avignon),  in  1875,  the  manufacture  of  neutral  sulphate  of  alumina. 

Red  Bauxite. — Our  investigations,  under  the  circumstances  above 
stated,  and  particularly  the  researches  of  Mr.  Auge,  led  at  last, 
about  1880,  to  the  discovery  in  the  departments  of  the  south  of 
France  (Bouches  du  Rh6ne,  Var,  Alpes  Maritimes,  etc.),  atThoronet, 
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Cabasse,  Luc,  etc.,  of  a  third  variety  of  bauxite,  previously  quite  un- 
known.    This  type  is  still  more  characteristic  than  the  preceding  one. 

Instead  of  being  white,  as  at  Villeveyrac,  or  striped  with  red,  and 
pisolitic,  as  at  Baux,  it  presents  the  appearance  of  a  fine,  homoge- 
neous paste,  breaking  with  splintery  conchoidal  fracture,  and  as  dark- 
red  as  bloodstone ;  and  it  is  so  constant  in  its  composition  that  we 
have  been  able  to  ship,  during  more  than  twelve  years  past,  about 
150,000  tons  of  it,  upon  a  uniform  guaranty  of  a  minimum  of  alu- 
mina, which  has  always  been  fulfilled. 

Here  the  silica  has  been  almost  wholly  replaced  with  ferric  oxide, 
and  we  have  in  this  red  type,  so  to  speak,  the  inverse  of  the  pale 
bauxite  of  Villeveyrac.     It  may  be  represented  by  the  formula: 

A  4-  Pe  [£H20,  iFe203]  +  C. 

Here  it  will  be  seen  that  one  part  of  water  has  been  replaced  with 
ferric  oxide.  The  silica  in  the  red  variety,  like  the  ferric  oxide  in 
the  white  variety,  has  been  reduced  to  the  position  of  an  acces- 
sory constituent,  under  C,  amounting,  with  vanadium,  titanium,  etc., 
to  2  to  4  per  cent. 

This  bauxite,  unsuited  by  reason  of  its  contents  in  iron,  for  direct 
treatment  with  acids,  was  promptly  demanded  for  manufacture  in 
the  dry  way,  namely,  for  the  production  of  pure  alumina  by  the  so- 
dium carbonate  process  of  Salyndres ;  and  it  is  the  exploitation  of 
this  third  type  which  has  made,  during  the  past  ten  years  such  aston- 
ishing progress. 

Hyaline  Bauxite. — Finally,  there  has  been  discovered  in  Alabama 
aud  Georgia,  and  in  the  Yellowstone  National  Park,  a  fourth  vari- 
ety of  bauxite,  in  which  silica  and  ferric  oxide  are  not  found,  and 
two  equivalents  of  water  determine  the  type.  It  is  this  form  which 
occurs  as  an  easily  discernible  admixture  in  the  siliceous  bauxite  of 
the  Villeveyrac  variety.  As  may  there  be  observed,  the  mineralogi- 
cal  type  remains  the  same,  only  the  particles  of  bauxite  have  a  more 
glaucous,  translucent,  slightly  horny  appearance,  and  are  soft,  easily 
scratched  with  the  finger-nail.  This  is  the  bihydrate  of  alumina, 
and  the  formula  is,  therefore, 

A  -f  Pe  [2H20]  4-  C. 

It  is  nothing  else  than  amorphous  hydrargyllite,  nearly  pure, 
with  3  to  4  per  cent,  of  accessory  constituents  and  27  per  cent,  of 
water. 
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This  variety  has  not  yet  been  thoroughly  tested  by  continuous 
exploitation  and  repeated  analyses.  It  is  yet  in  the  beginning  of  its 
development,  and  what  has  been  produced  so  far  is  a  pale  bauxite 
of  the  Villeveyrac  type,  but  containing  nodules  of  hydrargyllite  in 
considerable  abundance. 

It  will  thus  be  seen  that  the  four  types  of  bauxite  hitherto  known 
(and  which  may  occur  sometimes  more  or  less  intermingled  in  the 
same  deposit)  are : 

1.  Mixed  bauxite  of  Baux, 

2.  Pale  bauxite  of  Villeveyrac,     . 

3.  Red  bauxite  of  the  Var, 

4.  Pure  bauxite  of  Alabama,         .  A  -  Pe  [2H20]+  C. 

And  it  may  be  affirmed  that  the  basis  of  the  bauxite  is  the  natural 
bihydrate  of  alumina  or  hydrargyllite,  with  about  27  per  cent,  of 
water,  which  has  not  yet  been,  but  may  be  some  day,  developed  in 
workable  deposits. 

This  natural  bihydrate  is  the  true  mineralogical  initial  geyser- 
type,  combining  in  definite  proportions  with  two  principal  sub- 
stances, ferric  oxide  and  silica,  by  the  substitution  of  these  sub- 
stances for  its  water  of  combination,  in  whole  or  in  part. 

This  hydrated  alumina  has  very  manifold  and  energetic  affinities, 
by  virtue  of  the  double  part  which  it  can  play,  as  base  and  as  acid. 

In  its  combination  with  silica,  to  form  the  pale  bauxites,  it  evi- 
dently takes  the  part  oi'  a  base,  uniting  with  silicic  acid  to  produce 
a  certain  amount  of  basic  silicate  of  alumina,  if  we  may  so  term  it, 
or,  better,  of  white  ultramarine.  The  silica  is  substituted  for 
half  the  water  of  combination. 

The  probability  of  this  theory  is  shown  by  the  fact  that  we  find 
bauxites  containing  about  27  per  cent,  of  silica,  and  having  the 
aspect  of  hard,  opaque,  polished  lithographic  limestone.  In  these, 
silica  has  totally  replaced  the  water  of  combination,  causing  all  the 
properties  of  hydrargyllite  to  disappear.  This  variety  has  never 
found  commercial  use;  but  it  exists  in  large  quantity,  and  maybe 
called  the  siliceous  type  of  bauxite,  or  natural  white  ultramarine. 

The  most  curious  variety  is  No.  3  of  the  above  list,  the  inverse 
ferruginous  variety,  in   which  alumina  plays  the  part  of  an  acid 
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towards  the  ferric  oxide  which  has  completely  replaced  silica.  Evi- 
dently, we  have  here  a  true  ferric  aluminate,  in  which  the  metallic 
oxide  has  been  substituted  for  about  half  the  water  of  hydration, 
forming  the  red  type  of  the  Var  by  a  process  precisely  similar  to 
that  by  which  the  white  type  of  Villeveyrac  has  originated. 

Here,  also,  we  can  find  what  I  shall  call  the  maximal  ferruginous 
type  (le  type  Jerrugineux-limite\  in  which  all  the  water  of  hydration 
has  been  thus  replaced  with  ferric  oxide.  This  occurs  in  abundant 
pisolitic  concretions,  presenting  strong  analogies  with  those  of  Berry, 
which  latter  are  said  to  be  themselves,  perhaps,  aluminates  of  iron. 


Thus  the  bauxites  find  their  place  in  the  geological  category  of 
known  types  as  geyser-products,  between  the  clays  proper  and  the 
ores  of  iron. 

Eliminating  the  mixed  type  of  Baux,  included  among  the  com- 
mercial bauxites  on  a  preceding  page,  and  adding  the  two  extreme 
types  already  mentioned,  we  have  five  definite  typical  classes,  as 
follows: 

1.  Hydrargyllite  (the  pure  type  of  bauxite),       A  -j-  Pe  [2H20]  -4-  C. 

Siliceous  Bcmxites. 

2.  Pale  bauxite  of  Villeveyrac  (an  interme- 

diary type;  hydrargyllite,  with   basic 

silicate  of  alumina),  .         .         .         .   A  +  Pe  <j  ^H2°  i  +  C. 

I  iSi02  J 

3.  Maximal  siliceous  bauxite  (basic  6ilicate 

of  alumina), A  +  Pe[Si02]  +  C. 

Ferruginous  Bauxites. 

4.  Red  bauxite  of  the  Var  (hydrargyllite  ,  itro    ) 

with  aluminate  of  iron),      .         .         .  A+Pe^  ^t*2  r\  }  "^  ^- 

I  i-b  e2U3 ) 

5.  Maximal  ferruginous  bauxite  (aluminate 

of  iron), A  +  Pe  [Fe2Os]  +  C. 

We  must  not  forget  to  mention  that  there  exists,  notably  at  Vil- 
leveyrac, a  violet  manganiferous  bauxite,  which  may  give  room  for 
a  new  type ;  and  there  is  no  reason  why  titaniferous,  vanadic,  bary- 
tic,  calcic  and  other  bauxites  should  not  also  be  discovered.  They 
certainly  exist,  but  they  have  not  yet  attracted  the  attention  of  sci- 
entists or  manufacturers.  There  are  some  in  Alabama  bauxites,  the 
alumina  of  which  is  combined  with  organic  matter. 

VOL.  XXIV.— 16 
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In  short,  to  resume  our  argument,  the  bauxites  are  nothing  other 
than  the  inorganic  lacs  or  lakes,  more  or  less  defined  in  proportions 
(but  with  a  certain  maximum  in  combination);  and  all  substances 
capable  of  uniting  with  alumina  hydrate  may  constitute,  some  day, 
mineralogically,  a  family  of  aluminous  compounds  in  the  humid 
way,  as  numerous  as  the  aluminous  family  found  in  the  dry  way. 
We  are  only  at  the  threshold  of  discoveries  in  this  respect;  for 
alumina  combining  in  the  dry  way  constitutes  but  one  substance, 
A1203,  whereas  alumina  combining  in  the  humid  way  has  three  or 
four  hydrates,  possessing  powerful  and  diverse  chemical  affinities. 
Hitherto,  it  is  the  bauxite  family  derived  from  the  bihydrate  which 
has  become  somewhat  known  ;  but  it  would  be  of  great  interest  to 
discover  the  family  derived  from  the  monohydrate,  and  containing 
up  to  85  per  cent,  of  alumina.  Bauxites  from  the  higher  hydrates, 
on  the  other  hand  (such  as  gibbsite,  for  example,  which  has  three 
equivalents  of  water),  will  evidently  present  less  interest,  and  will 
be  lost  among  the  ordinary  clays  and  the  various  silicates,  iron-ores 
and  limes  already  known. 

If,  now,  we  would  form,  by  way  of  suggestion,  some  idea  of  the 
entrance  of  the  bauxites  among  our  sedimentary  rocks,  we  need  only 
consider  hot  springs  as  depositing  gelatinous  alumina  (absolutely 
as  they  do  gelatinous  silica),  and  the  different  substances,  ferric 
oxide,  silica,  titanic  acid,  etc.,  as  forming,  with  this  deposit,  silico- 
aluminates,  definite  aluminates  or  inorganic  lacs,  such  as  have  re- 
cently become  known.  In  the  Yellowstone  National  Park  this 
hydrargyllite  is  still  deposited  to-day,  the  substance  which  is  the 
primary  basis  of  all  the  bauxites  over  the  globe,  in  quantity  much 
greater  than  has  been  suspected  heretofore.  According  to  Hayden, 
this  mineral  can  be  seen  combining  with  iron,  silica  and  lime. 

Geologically  speaking,  the  phenomenon  which  gave  rise  to  the 
bauxites  in  Europe  occurred  with  great  intensity  towards  the  end  of 
the  Cretaceous  epoch,  and  has  never  been  repeated.  As  a  result, 
these  minerals  have  a  definite  geological  age.  They  take  their  place 
between  the  Urgonian  and  the  Cenomanian,  where  they  form  to-day 
a  very  useful  geological  horizon  among  the  Upper  Cretaceous  ter- 
ranes.  But  this  branch  of  the  subject  should  be  treated  in  a  sepa- 
rate paper. 

Such  is  the  conception  which  we  have  formed  concerning  the 
bauxites  after  twenty  years  spent  in  their  exploitation.  General 
experience  will,  perhaps,  some  day  present  complete  confirmation  of 
our  views. 
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THE  GEOLOGICAL  RELATIONS  OF  THE  SOUTHERN  APPA- 
LA  CHI  A  N  BA  UX1 TE-  HEP  OSITS. 

BY  C.    WILLARD   HAYES,   PH.D.,    WASHINGTON,    D.    C* 

(Virginia  Beach  Meeting,  February,  1894.) 

Introduction. — The  recent  developments  in  the  metallurgy  of  al- 
uminum and  its  consequent  rapidly  growing  use  in  the  arts  are  at 
present  attracting  considerable  attention  to  its  ores.  The  success  of 
the  Hall  electrolytic  process,  by  which  the  metal  is  obtained  directly 
from  the  oxide,  has  removed  bauxite  from  the  position  of  a  rather 
uninteresting  mineral  to  that  of  an  important  ore.  Its  production 
on  a  commercial  scale  is  so  recent,  particularly  in  this  country,  that 
little  attention  has  yet  been  paid  to  its  mode  of  occurrence  and  ori- 
gin. Any  investigation,  therefore,  which  throws  light  upon  these 
points  should  be  of  interest  to  mining  engineers  at  the  present  time, 
especially  if  the  conclusions  afford  a  basis  for  estimating  the  probable 
extent  and  value  of  deposits  already  known  and  a  means  of  directing 
search  for  others. 

Two  localities  in  the  United  States  have  so  far  yielded  bauxite  in 
commercial  quantities.  These  are  in  Arkansas  and  in  the  Coosa 
valley  of  Georgia  and  Alabama.  According  to  descriptions  of  the 
Arkansas  deposits  by  Branner,  they  bear  little  resemblance  to  those 
in  the  Southern  Appalachians  and  their  geological  relations  appear 
to  be  entirely  different.  Only  the  latter  deposits  are  considered  in 
the  following  paper.  These  have  been  briefly  described  by  McCal- 
leyf  and  Spencer.|  They  were  visited  by  the  writer  during  the 
past  summer  and  somewhat  carefully  examined  in  connection  with 
the  study  of  the  areal  geology  of  the  region. 

Location  of  the  Deposits. — The  ore  is  found  irregularly  distributed 
within  a  narrow  belt  of  country  extending  from  Adairsville,  Ga., 

*  Published  by  permission  of  the  Director  of  the  United  States  Geological  Sur- 
vey. 

t  "Alabama  Bauxite,"  by  Henry  McCalley. — Proe.  Ala.  Industrial  and  Sci.  Soc-, 
1893. 

X  "The  Geology  of  Northwestern  Georgia,"  by  J.  W.  Spencer.— Geol.  Sur.  of 
Georgia,  Atlanta,  1893. 


244  SOUTHERN    APPALACHIAN    BAUXITE-DEPOSITS. 

south  west  ward,  a  distance  of  60  miles,  to  the  vicinity  of  Jackson- 
ville, Ala.  The  only  points  at  which  it  has  been  worked  on  a  com- 
mercial scale  are  at  Hermitage  furnace,  5  miles  north  of  Rome,  Ga., 
near  Six  Mile  station,  south  of  Rome  and  in  the  Dyke  district  near 
Rock  Run,  Ala.  The  two  last-named  localities  were  most  carefully 
studied,  but  it  is  believed  that  the  relations  of  the  ore  in  these  will 
hold  throughout  the  entire  belt. 

In  order  to  explain  the  conditions  under  which  the  ore  occurs,  a 
brief  account  of  the  geology  of  the  region  will  be  given.  The  areal 
distribution  of  the  formations  which  range  in  age  from  Cambrian  to 
Carboniferous  is  shown  upon  the  accompanying  map,  Fig.  1,  which 
embraces  the  portions  of  the  ore-bearing  belt  at  present  productive. 

Stratigraphy  of  the  Region. — The  oldest  rocks  of  the  region  are  of 
Cambrian  age  and  are  subdivided  on  lithologic  grounds  into  two 
formations,  the  Rome  sandstone  below  and  the  Connasauga  shale 
above.  The  former  consists  of  700  to  1000  feet  of  thin-bedded  pur- 
ple, yellow  and  white  sandstones  and  sandy  shales.  In  the  southern 
portion  of  the  region  the  Rome  sandstone  is  replaced  by  the  Weis- 
ner  quartzite,  which  consists  of  a  series  of  interbedded  lenticular 
masses  of  conglomerate,  quartzite  and  sandy  shale.  It  apparently 
represents  delta  deposits  contemporaneous  with  a  part  or  the  whole 
of  the  Rome  sandstone.  These  rocks  form  Weisner  and  Indian 
mountains,  and  in  the  latter  they  attain  a  thickness  of  10,000  feet 
or  more. 

The  Connasauga  is  between  2000  and  3000  feet  in  thickness.  It 
consists  at  the  base  of  fine  aluminous  shales;  the  upper  portion  is 
more  calcareous,  and  locally  passes  into  heavy  beds  of  blue  seamy 
limestone. 

Above  the  Connasauga  shale  is  the  Knox  dolomite,  the  most  uni- 
form and  persistent  formation  of  the  southern  Appalachian  region. 
It  consists  of  ifrom  3000  to  4000  feet  of  gray,  semi-crystalline,  sili- 
ceous dolomite.  The  silica  is  usually  segregated  in  nodules  and  beds 
of  chert.  These  remain  upon  the  surface,  and  with  the  other  insolu- 
ble constituents  form  a  heavy  residual  mantle  covering  all  the  out- 
crops of  the  formation.  It  is  associated  with  these  residual  materials 
that  the  extensive  deposits  of  limoiiite  and  bauxite  are  found. 

Over  a  considerable  portion  of  this  region,  a  stratigraphic  break 
occurs  above  the  Knox  dolomite,  which  is  separated  from  the  suc- 
ceeding formations  by  an  erosion-interval.  Next  above  the  dolo- 
mite, where  the  succession  is  unbroken,  is  the  Chickamauga  limestone 
which,  in  turn,  is  followed  by  the  Rockmart  slate.     For  the  purposes 
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of  the  present  paper,  these  and  succeeding  formations  have  little 
interest,  and  the  description  of  them  will  be  omitted. 

Geologic  Structure. — The  geologic  structure  of  the  region  under 
consideration  is  exceptionally  complicated.  In  addition  to  the  folds 
which  characterize  the  entire  Appalachian  province  and  whose  form 
is  familiar  to  all,  the  region  is  intersected   by  two  series  of  faults. 


Fig.  I 


Bradley  fa  Poates,  Engr'*t  N.  f. 


Its  very  intimate  connection  with  the  bauxite-deposits  makes  a 
somewhat  detailed  description  of  the  structure  necessary. 

In  the  northern  portion  of  the  ore- bearing  belt  the  structure  is 
quite  simple;  the  folds  are  broad  and  but  little  faulted.  In  the 
central  portion,  between  Rome  and  Cave  Spring,  it  is  more  compli- 
cated and  the  numerous  narrow  folds  are  commonly  faulted.  In  the 
southern  portion,  particularly  between  Rome  and  Mt.  Weisner,  occurs 
the  most  complicated  structure  known  in  the  southern  Appalachians. 

A  line  of  hills  borders  the  Coosa-Oostanaula  valley  upon  its  south- 
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eastern  side  from  Calhoun,  Ga.,  to  Mt.  Weisner.  These  hills  are 
composed  of  Home  sandstone  dipping  toward  the  southeast  and  they 
form  the  northwestern  limit  of  the  ore-bearing  belt.  East  of  this 
line  of  hills  is  a  valley  underlain  by  Connasauga  shales,  also  dipping 
toward  the  southeast,  under  the  Knox  dolomite.  From  Rome  south- 
ward a  number  of  narrow  shale  valleys  penetrate  a  few  miles  within 
the  border  of  the  dolomite.  Each  of  these  valleys  corresponds  in 
position  with  a  narrow  anticlinal  fold,  in  every  case  faulted  upon  its 
western  side.  Beyond  these  narrow  folds  a  broad  syncline  of  dolo- 
mite extends  eastward  15  or  20  miles  to  the  limit  of  the  metamorphic 
rocks. 

In  the  region  betweeu  Cave  Spring  and  Rock  Run  the  original 
folds  have  been  almost  entirely  obliterated  by  subsequent  faulting. 
Also  in  this  region  folding  was  in  progress  during  middle  Silurian 
time.  The  folds  then  formed  were  deeply  eroded,  and  across  the 
edges  of  the  tilted  strata  subsequent  formations  were  laid  down. 
During  this  and  later  periods  of  folding,  the  massive  beds  of  Cam- 
brian quartzite  formed  rigid  buttresses  which  themselves  resisted 
folding  and  against  which  the  less  resistant  strata  were  crushed  by 
horizontal  pressure.  The  effects  of  great  compression  were  thus  con- 
centrated within  narrow  belts.  It  is  in  such  a  belt,  along  the  western 
base  of  the  Indian  mountain,  in  the  vicinity  of  Rock  Run,  Ala.,  that 
the  largest  deposits  of  bauxite  are  found. 

The  faults  thus  far  mentioned  are  of  the  ordinary  type  found  in 
the  southern  Appalachians.  Having  been  developed  from  steep  or 
overturned  folds  by  a  continuation  of  the  horizontal  pressure  to 
which  the  latter  are  due,  they  are  all  thrust-faults  hading  to  the 
upthrow.  The  inclination  of  the  fault-plane  is  steep,  usually  from 
40°  to  60°  with  the  horizon.  They  are  in  this  region  only  from 
three  or  four  to  a  dozen  miles  in  length,  and  the  displacement  of 
corresponding  beds  on  opposite  sides  of  the  fault-plane  varies  from 
a  few  feet  to  several  thousand. 

Other  faults  are  found  in  this  region,  however,  which  have  certain 
less  common  features.  These  have  been  described  elsewhere*  and 
only  the  main  characteristics  will  be  given  here.  They  constitute 
the  principal  dislocations  of  the  region,  and  while  they  resemble  the 
former  class  in  being  the  result  of  hoiizontal  compression  they  differ 
in  the  angle  of  hade  and  the  amount  of  displacement.     The  fault- 

*  "  TheOverthrust  Faults  of  the  Southern  Appalachians,"  by  C.  W.  Haves. — Ball. 
Geol,  Sue.  Am.,  vol.  ii.,  1891,  pp.  141-154. 
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plane  is  usually  nearly  horizontal,  and  in  some  cases  it  has  been 
distorted  by  subsequent  folding  together  with  the  underlying  and 
overlying  strata.  When  this  subsequent  folding  has  placed  portions 
of  the  overthrust  strata  in  a  position  where  they  would  be  protected 
from  erosion  a  minimum  measure  of  the  horizontal  displacement  is 
afforded.  In  one  case  in  this  region  the  visible  displacement  is  about 
four  and  a  half  miles,  and  the  total  displacement  is  probably  very 
much  greater.  Two  faults  of  this  class  are  shown  upon  the  accom- 
panying map,  Fig.  1.  The  one  with  which  the  present  paper  is 
chiefly  concerned  extends  from  Rome  southwestward  to  Mt.  Weisner 
along  the  western  base  of  the  Rome  sandstone  hills  above  mentioned. 
Following  the  southeastern  border  of  the  Coosa  valley,  it  has  been 
named  the  Coosa  fault.  Although  its  horizontal  displacement  cannot 
be  directly  proved  to  be  as  great  as  that  of  the  Rome  fault,  the  infer- 
ence from  observed  differences  in  contemporaneous  deposits  upon 
opposite  sides  is  that  the  displacement  is  certainly  very  great.  There 
is  also  evidence  that  the  minor  faults  with  steep  hade  are  older  than 
the  broad  major  thrusts,  and  that  a  considerable  period  of  erosion 
separated  the  two  systems. 

Thus  it  appears  that  the  region  has  been  the  seat  of  orogenic 
activity  from  very  early  geologic  time.  In  the  middle  Silurian, 
folds  were  formed  and  their  crests  were  eroded.  In  late  Carbonifer- 
ous time,  during  the  great  Appalachian  revolution,  a  second  generation 
of  folds  was  born  and  minor  faults  were  developed,  their  distribution 
being  determined  largely  by  variations  in  the  strata,  particularly  the 
resistant  masses  of  Cambrian  rocks.  And  finally,  after  another  long 
period  of  erosion,  the  folded  and  faulted  mass  was  displaced  upon  a 
nearly  horizontal  thrust-plane. 

Rock-  Weathering. — The  region  shows  evidence  of  having  been 
subjected  for  a  very  long  time  to  conditions  favoring  sub-serial  rock- 
decay,  and  only  moderately  active  degradation.  Hence  the  surface 
is  deeply  covered  with  a  mantle  of  residual  material,  consisting  of 
the  insoluble  portions  of  the  sub-terranes.  This  residual  mantle  is 
thinnest  over  areas  of  shale  and  slate,  thicker  over  areas  of  lime- 
stone in  which  the  insoluble  matter  makes  up  a  small  portion  only 
of  the  rock-mass,  and  thickest  over  areas  of  the  Knox  dolomite. 
The  insoluble  constituents  of  the  latter  are  small  quantities  of  iron 
and  alumina  and  much  larger  quantities  of  silica  in  the  form  of 
chert.  Hence  the  residual  mantle  is  composed  of  ferruginous  clay  in 
which  large  amounts  of  chert  are  imbedded.  The  deposit  often  at- 
tains a  thickness  of  more  than  50  feet,  and  in  some  cases  reaches  100 
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feet  or  more ;  so  that  the  dolomite  itself  is  rarely  seen,  except  in  the 
stream-channels. 

Mingled  with  the  residual  deposits  which  characterize  each  ter- 
rane,  especially  in  the  vicinity  of  the  high  quartzite  ridges,  are 
greater  or  less  quantities  of  foreign  debris.  Near  the  base  of  Indian 
Mountain  this  frequently  masks  the  characteristic  residual  deposits 
to  such  an  extent  that  it  is  extremely  difficult  to  determine  the  ureal 
distribution  of  the  several  formations. 

A  further  source  of  obscurity,  in  the  same  region,  is  the  incipient 
metamorphism  which  has  affected  some  of  the  rocks,  particularly 
the  chert  of  the  Knox  dolomite.  The  effect  generally  produced  has 
been  a  change  of  the  amorphous  or  chalcedonic  silica,  composing  the 
chert,  into  finely  granular  quartz.  The  chert  loses  its  coherence 
and  forms  a  white  chalk-like  substance,  which  readily  disintegrates 
at  the  surface.  When  the  metamorphism  has  been  carried  a  step 
further,  it  results  in  the  secondary  deposition  of  silica,  forming  a 
peculiar  jaspery  rock,  in  which  the  original  character  of  the  chert  is 
wholly  lost.  In  many  cases  it  is  impossible  to  determine  whether 
this  jasper  has  been  derived  from  chert,  sandstone  or  quartzite.  The 
metamorphism  is  intimately  associated  with  the  faulting,  and  was 
doubtless  produced  by  thermal  water,  so  that  it  belongs  to  a  class  of 
changes  no  longer  taking  place  at  the  surface  in  this  region. 

Form  of  the  Ore-Bodies. — The  deposits  in  the  Rock  Run  district 
are  typical  of  the  entire  region  and  will  be  described  in  some  detail. 
Their  location  is  shown  on  the  map  of  the  district,  Fig.  2.  Four 
bodies  of  the  ore  were  being  worked  in  1893  on  a  considerable  scale, 
and  all  show  practically  the  same  form.  The  southernmost  of 
the  four,  called  the  Taylor  bank,  is  located  3^  miles  northeast  of 
Rock  Run,  near  the  western  base  of  Indian  Mountain.  Although 
the  heavy  mantle  of  residual  material  effectually  conceals  the  under- 
lying rocks,  the  ore  appears  to  be  exactly  upon  the  faulted  contact 
between  the  narrow  belt  of  Knox  dolomite  on  the  northwest  and  the 
sandy  shales  and  quartzites  of  Indian  Mountain  on  the  southeast. 
The  ore  is  covered  by  3  or  4  feet  of  red  sandy  clay  in  which  numerous 
fragments  of  quartzite  are  imbedded.  The  ore-body  is  an  irregularly 
oval  mass,  about  40  by  80  feet  in  size.  •  Its  contact  with  the  sur- 
rounding residual  clay,  wherever  it  could  be  observed,  appeared  to 
be  sharp  and  distinct,  and,  about  the  greater  portion  of  its  circum- 
ference, very  nearly  vertical.  A  certain  amount  of  bedding  is  obser- 
vable in  the  ore-body,  although  no  trace  of  bedding  can  be  detected 
in  the  surrounding  residual  material.     Upon  the  northwestern  or 
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down-hill  side  of  the  ore-body,  this  bedding  is  very  distinct.  Layers 
of  differently  colored  and  differently  textured  ore  alternate  in  regu- 
lar beds,  a  few  inches  in  thickness,  and  above  these  are  thinner  beds 
of  chocolate  and  red  material,  probably  containing  considerable 
kaolin.  These  beds  have  a  steep  dip,  somewhat  greater  than  the 
slope  of  the  hill-side,  but  in  the  same  direction.  They  are  not 
simply  inclined  planes,  however,  but  are  curved,  so  as  to  form  a 
steeply-pitching  trough.      With   increasing,  distance  from  the  ore- 
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body,  the  lamination  becomes  less  distinct,  and  the  beds  pass  gradu- 
ally into  a  homogeneous  mottled  clay.  The  accompanying  section, 
Fig.  3,  shows  these  relations  of  the  ore  and  residual  mantle. 

At  the  Dyke  bank,  Fig.  2,  about  a  mile  northeast  of  the  one  above 
described,  the  stratification  is  well  shown  in  portions  of  the  de- 
posit. Beds  of  yellow  and  gray,  fine-grained  material,  alternate  with 
others  of  pisolitic  ore.  The  beds  dip  at  an  angle  of  about  40°,  and 
are  curved  so  as  to  form  a  steep  trough.  The  compact  material  also 
shows  distinct  cross-bedding;  both  primary  and  secondary  planes 
dipping  in  the  same  direction. 
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In  the  Gaines  Hill  bank,  about  250  yards  north  of  the  Dyke 
bank,  the  ore- body  shows  a  more  regularly  oval  form  than  in  most 
of  the  other  deposits,  and  is  also  somewhat  dome-shaped,  swelling 
out  laterally  from  the  surface  downward,  as  far  as  the  working  has 
progressed. 

Although  some  of  the  workings  have  gone  to  a  considerable  depth 
(in  a  few  cases  50  feet  or  more),  the  bottom  of  the  ore-body  has  not 
been  reached  in  any  case.  The  ore  varies  in  composition  with  depth, 
but  not  in  a  uniform  manner,  nor  more  than  do  different  portions  at 
the  same  depth.  The  deepest  pits  have  not  gone  below  the  base  of 
the  surrounding  residual  mantle,  so  that  no  observations  have  yet 
been  made  with  regard  to  the  relations  between  the  ore  and  the 
country-rock;  and  nothing  has  yet  been  observed    which   warrants 


the  conclusion  that  the  ore  if  followed  to  sufficient  depth,  will  be 
found  inter-bedded  with  the  underlying  formations,  or  even  that  it 
will  be  found  occupying  cavities  in  the  limestone — although  the 
latter  is  quite  possible. 

Structure  of  the  Bauxite. — The  ore  shows  considerable  variety  in 
physical  appearance,  though  it  generally  has  a  very  characteristic 
pisolitic  structure.  The  individual  pisolites  vary  in  size  from  a 
fraction  of  a  millimeter  to  3  or  4  centimeters  in  diameter,  although 
most  commonly  the  diameter  is  from  3  to  5  millimeters.  The  mat- 
rix in  which  they  are  imbedded  is  generally  more  compact  and  also 
lighter  in  color.  The  larger  pisolites  are  composed  of  numerous 
concentric  shells,  separated  by  less  compact  substance  or  even  open 
cavities,  and  their  interior  portions  readily  crumble  to  a  soft 
powder. 

In  thin  sections  the  ore  is  seen  to  be  made  up  of  amorphous  floc- 
culent  grains,  and  the  various  structures  which  it  exhibits  are  pro- 
duced by  the  arrangement  and  degree  of  compactness  of  these  grains. 
The  matrix  in  which  the  pisolites  are  imbedded  may  be  composed 
of  this  flocculent  material  segregated  in  an  irregularly  globular  form 
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or  in  compact  oolites,  with  sharply-defined  outlines.  Or  both  forms 
may  be  present,  the  compact  oolites  being  imbedded  in  a  matrix 
composed  of  the  less  definite  bodies.  In  some  cases  the  interstices 
between  the  oolites  are  filled  either  wholly  or  in  part  with  silica,  ap- 
parently a  secondary  deposition. 

The  pisolites  also  show  considerable  diversity  in  structure.  In 
some  cases  they  are  composed  of  exactly  the  same  flocculent  grains 
as  the  surrounding  matrix,  from  which  they  are  separated  by  a  thin 
shell  of  slightly  denser  material.  This  sometimes  shows  a  number 
of  sharply-defined  concentric  rings,  and  is  then  distinctly  separated 
from  the  matrix  and  the  interior  portion  of  the  pisolite.  The  latter 
is  also  sometimes  composed  of  imperfectly  defined  globular  masses, 
and  in  other  cases  of  compact,  uniform,  and  but  slightly  granular 
substance.  It  is  always  filled  with  cracks,  which  are  regularly  radial 
and  concentric,  in  proportion  as  the  interior  substance  has  a  uniform 
texture.  Branching  from  the  larger  cracks,  which,  as  a  rule,  are 
partially  filled  with  quartz,  very  minute  cracks  penetrate  the  inter- 
vening portions.  Thus  the  pisolites  appear  to  have  lost  a  portion  of 
their  substance,  so  that  it  no  longer  fills  the  space  within  the  outer 
shell,  but  has  shrunk  and  formed  the  radial  cracks.  No  analyses 
have  been  made  of  the  dilferent  portions  of  the  pisolites  or  of  the 
pisolites  and  matrix  separately,  and  it  is  impossible  to  say  whether 
any  differences  in  chemical  composition  exist.  It  may  be  that  some 
soluble  constituent  has  been  removed  from  the  interior  of  the  piso- 
lites, but  it  is  more  probable  that  the  shrinking  observed  is  due 
wholly  to  desiccation. 

Scattered  throughout  the  ground-mass  are  occasional  fragments  of 
pisolites,  whose  irregular  outlines  have  been  covered  to  varying 
depths  by  a  deposit  of  the  same  material  as  forms  the  concentric 
shells,  and  thus  have  been  restored  to  spherical  or  oval  forms. 

These  various  features  in  the  structure  of  the  ore  are  shown  in 
Fig.  4,  which  is  from  a  photograph  of  a  thin  section,  enlarged  5 
diameters. 

Origin  of  the  Deposits. — The  bauxites  of  France  are  apparently 
residual  deposits  from  the  decay  of  basalt.  Remains  of  the  con- 
stituent minerals  of  the  parent  rock  appear  in  the  ore,  as  well  as 
traces  of  the  original  rock-structure.  The  ore  also  occurs  dissemi- 
nated throughout  the  residual  material,  and  not,  as  in  the  case  above 
described,  in  compact  bodies  with  well-defined  limits.  The  Arkan- 
sas deposits,  on  the  other  hand,  occur  as  regularly  stratified  beds  in 
rocks  of  Tertiary  age.     They  are  found  only  near  the  contact  with 
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certain  eruptive  rocks,  and  their  origin  seems  to  be  closely  connected 
with  the  latter.  In  both  localities,  therefore,  the  relations  of  the  ore 
differ  so  widely  from  those  of  the  Georgia- Alabama  deposits  that 
their  origin  must  be  explained  on  a  different  theory. 


Fig.  4. 


Thin  section  of  bauxite,  enlarged  five  diameters,  showing  pisolites  with  concen- 
tric shells  and  shrunken  interiors;  also  oolites  imbedded  in  the  matrix. 

No  eruptive  rocks,  either  ancient  or  modern,  are  found  in  the 
vicinity  of  the  latter,  nor  are  there  any  rocks  in  this  region  which, 
by  weathering,  could  yield  bauxite  as  a  residual  product.  Hence, 
any  satisfactory  explanation  of  the  origin  of  these  deposits  must 
give  the  source  from  which  the  material  was  derived,  the  means  by 
which  it  was  transported,  and  the  process  of  its  local  accumula- 
tion. 
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As  already  stated  in  describing  the  stratigraphy  of  the  region,  the 
ore  is  associated  with  the  Knox  dolomite  or  with  calcareous  sandy 
shales  immediately  overlying  the  dolomite.  The  Connasauga,  con* 
sisting  of  2000  feet  or  more  of  aluminous  shales,  invariably  under- 
lies the  dolomite  at  greater  or  less  distance  beneath  the  ore-bearing 
regions,  and  is  probably  the  source  from  which  the  alumina  was  de- 
rived. 

The  faults  of  the  region  have  been  briefly  described.  Undoubt- 
edly such  enormous  dislocations  of  the  strata  generated  a  large 
amount  of  heat.  The  fractures  facilitated  the  circulation  of  water, 
and  for  considerable  periods  the  region  was  probably  the  seat  of 
many  thermal  springs.  These  heated  waters  appear  to  have  been 
the  agent  by  which  the  bauxite  was  brought  to  the  surface  in  some 
soluble  form  and  there  precipitated. 

The  chemical  reactions  by  which  the  precipitation  was  effected  are 
not  well  understood,  and  the  conditions  were  not  such  as  can  be 
readily  reproduced  in  the  laboratory.  Of  the  few  soluble  com- 
pounds of  aluminum  which  occur  in  nature,  only  the  sulphate  and 
the  double  sulphate  of  potash  and  alumina  need  be  considered. 

The  oxygen  contained  in  the  meteoric  waters  percolating  at  great 
depths  through  the  fractured  strata  would  readily  oxidize  the  sul- 
phides disseminated  in  the  aluminous  shales.  Sulphates  would  thus 
be  formed  by  a  process  strictly  analogous  to  that  commonly  em- 
ployed in  the  manufacture  of  alum.  Probably  the  most  abundant 
product  of  the  process  in  nature  was  ferrous  sulphate.  Some  sul- 
phate of  aluminum  must  also  have  been  formed  together  with  the 
double  sulphate  of  potassium  and  aluminum,  especially  in  the  ab- 
sence of  sufficient  potash  to  form  alum  with  the  whole. 

In  its  passage  from  the  underlying  shales  through  several  thou- 
sand feet  of  dolomite  the  heated  water  must  have  become  highly 
charged  with  lime,  in  addition  to  the  ferrous  and  aluminous  salts 
already  in  solution.  But  calcium  carbonate  reacts  upon  aluminum 
sulphate  and  to  some  extent  also  on  alum,  forming  a  gelatinous  or 
flocculent  precipitate  which  consists  of  aluminum  hydroxide  and  the 
basic  sulphate.  This  reaction  may  have  taken  place  at  great  depth 
and  the  resulting  flocculent  precipitate  may  have  been  brought  to 
the  surface  in  suspension.  From  analogy  with  pisolitic  sinter  and 
travertine  now  forming,  such  conditions  would  appear  to  be  highly 
favorable  for  the  production  of  the  structures  actually  found  in  the 
bauxite.  The  precipitate  was  apparently  collected  in  globular 
masses  by  the  motion  of  the  ascending  water,  and  constant  changes 
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in  position  permitted  these  to  be  coated  with  successive  layers  of  more 
compact  material.  Finally,  after  having  received  many  such  coat- 
ings, the  pisolites  were  deposited  on  the  borders  of  the  basin,  and  the 
interstices  were  filled  by  minute  oolites  formed  in  a  similar  manner 
or  by  the  flocculent  precipitate  itself.  Slight  differences  in  the  con- 
ditions prevailing  in  the  several  springs,  such  as  concentration  and 
relative  proportion  of  the  various  salts  in  solution,  also  temperature 
and  flow  of  the  water,  would  produce  the  variation  in  the  character 
of  the  ore  observed  at  different  points. 

The  bedding  observed  in  the  bauxite-deposits  may  have  been  pro- 
duced by  the  successive  layers  deposited  on  the  steeply  inclined  out- 
let of  the  basin.  After  the  cessation  of  the  spring-action,  surface- 
creep  of  the  residual  mantle  from  the  higher  portions  of  the  ridges 
covered  the  deposits  to  varying  depths,  as  they  are  found  at  present. 

A  small  portion  of  the  ferrous  sulphate  was  oxidized  and  pre- 
cipitated along  with  the  bauxite,  but  the  greater  part  was  carried 
some  distance  from  the  springs  and  slowly  oxidized,  forming  the 
widespread  deposits  of  limonite  in  this  region. 

Conclusion. — This  explanation  of  the  origin  of  these  deposits  is 
certainly  in  accord  (1)  with  the  arrangement  of  the  larger  deposits 
along  the  fault  lines ;  (2)  with  the  reactions,  so  far  as  they  are  known, 
of  the  aluminum  compounds  in  nature;  and  (3)  with  the  process 
now  developing  analogous  pisolitic  structures.  If  subsequent  in- 
vestigations prove  it  to  be  correct,  it  should  enable  the  engineer  to 
estimate  the  probable  extent  and  value  of  the  deposits;  it  should 
suggest  economic  methods  of  working  those  already  known  and  di- 
rect the  search  for  others;  and,  finally,  it  should  emphasize  the  im- 
portance of  a  knowledge  of  the  geologic  structure  of  the  region  in 
the  future  development  of  these  important  deposits. 


CORBEL ATIONS  IN  THE  COAL-ROCKS  WEST  OF 
POCAHONTAS,  FLAT  TOP,    VIRGINIA. 

BY  C.    R.    BOYD,   WYTHEVILI/E,    VA. 

(Virginia  Beach  Meeting,  February,  1894.) 

In  1874  I  received  an  appointment  in  the  corps  organized  by  C<>1. 
William  P.  Craighill,  U.  S.  Engineers,  to  survey  the  New  or  Upper 
Kanawha  river  for  the  purpose  of  ascertaining  the  practicability  and 
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cost  of  the  improvement  of  that  stream  by  the  government  for  pur- 
poses of  navigation. 

Being  placed  in  charge  of  the  slack-water  party,  under  the  imme- 
diate supervision  of  civil  assistant  N.  H.  Hutton,  C.E.,  I  had  pecu- 
liar facilities  and  advantages  for  the  study  of  all  rock-formations 
presented  to  view  in  that  river  and  some  of  its  tributaries,  such  as 
Greenbrier  and  Bluestone  rivers. 

Previously,  in  1872,  I  had  been  called  upon  by  Col.  Craighill  to 
make  a  report  upon  the  ores  and  coals  of  Upper  New  river,  in  Vir- 
ginia; and  it  was  one  of  my  chief  duties  in  these  surveys  to  note 
carefully  the  position  and  character  of  all  rock-formations,  with  a 
view  to  their  possible  use,  either  as  natural  firm  foundations  for  dams 
and  locks,  or  as  building-materials  for  construction. 

In  this  way  I  really  began  my  studies  of  the  correlations  of  the 
West  Virginia,  Virginia,  and  Kentucky  coal-series ;  and  I  believe  I 
began  at  the  right  end  of  it,  where  the  whole  series  is  cut  in  one 
long  canon.  At  that  time  it  was  a  study  rather  of  physical  and 
structural  features;  since  then  the  fauna  and  flora,  as  well  as  the  eco- 
nomic relations  of  the  coal-seams  in  those  massive  stratifications,  have 
been,  from  time  to  time,  the  objects  of  earnest  study  over  this  field, 
200  miles  in  length  by  about  60  miles  in  width. 

It  was  in  1872  that  I  first  visited  the  Flat  Top  coal-field,  and 
found  in  the  entire  series  there  46  feet  of  coal ;  and  in  1874  I  saw, 
for  the  first  time,  the  Quinnimont  series  at  or  near  Nuttallsburg,  on 
New  river,  dipping  northwest,  and  bringing  in,  lower  down  the  river, 
the  massive  ledges  of  conglomerate  on  top  of  these  coals. 

During  Mr.  Lathrop's  administration  of  the  Pocahontas  mine  I 
found  a  confirmation  of  my  report,  made  to  Col.  Craighill  in  187?, 
of  the  quantity  of  coal  in  that  series.  But  it  was  not  until  October 
31,  1885,  that  I  became  fully  convinced  of  the  identity  of  the  Flat 
Top  and  Quinnimont  coals. 

In  the  distance  across  from  the  river  to  Pocahontas  the  con°;lom- 
erate  pebbles  had  changed  from  larger  to  smaller  size.  In  later  years 
I  have  been  able  to  study  all  these  changes  and  correlations  throughout 
the  great  coal-field  comprised  in  West  Virginia,  Virginia,  Kentucky, 
and  eastern  Tennessee,  particularly  through  McDowell  county, 
West  Virginia;  Buchanan,  Tazewell,  Russell,  Dickenson,  Wise, 
Scott,  and  Lee  counties,  Virginia;  Bell,  Harlan,  and  Pike  counties, 
Kentucky  ;  and  Claiborne  county,  Tennessee. 

As  is  now  well  known,  the  conglomerate  I  have  mentioned  as 
overlying  the  Flat  Top  coal-series  comes  down  below  the  tops  of  the 
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bills  as  we  proceed  west  from  Flat  Top,  both  on  Tug  and  Dry  forks 
of  Sand v  river,  in  McDowell  county,  West  Virginia.  It  then  passes 
through  the  divide,  with  very  little  change  of  level,  westward ly  and 
southwest,  between  the  Dry  and  Louisa  forks  of  Sandy  river,  several 
hundred  feet  below  the  tops  of  the  highest  ridges,  and  shows  itself 
high  up  on  the  sides  of  the  hills  on  Dismal  creek  and  its  affluent, 
Hurricane  fork.  The  same  ledges,  traced  through  with  care,  may  be 
certainly  recognized  on  the  Clinch  Valley  slope  of  Sandy  ridge, 
throwing  the  coal-seams  mined  at  Richlands,  Big  creek,  Town  Hill, 
and  Coal  creek  into  the  New  River  Flat  Top  series. 

The  same  conglomerate,  coming  west  from  Dismal  creek  with 
greater  and  less  undulations,  appears  on  the  head-streams  of  the  main 
fork  of  Louisa  river,  in  Buchanan  county,  passing  on  westward 
through  the  ridges  bounding  the  Garden  fork  of  Louisa  river,  and 
through  the  divide  between  the  waters  of  the  Louisa  and  Russell's 
forks  of  Sandy  river,  and  comes  out  again  fairly  to  view  at  Hurt's, 
on  that  stream,  several  hundred  feet  below  the  tops  of  the  hills. 
(With  reference  to  particular  hills  and  streams,  exact  elevations  are 
taken.) 

These  identical  ledges  of  conglomerate  then  pass  west  and  south- 
west, without  interruption,  behind  or  northward  of  the  Big  Ax  up- 
throw, toward  the  waters  of  Frying  Pan  creek  and  the  head- waters 
of  Dumps  creek  (the  latter  an  affluent  of  Clinch  river),  and  litter 
nearly  all  those  streams  with  pebbles. 

On  Dumps  creek  this  conglomerate  is  nearer  the  crests  of  the  hills, 
and  begins  to  inspire  the  hope  that  the  full  thousand  feet  of  the  Poca- 
hontas Flat  Top  series  will  be  seen,  so  that  the  famous  No.  3  seam 
will  again  emerge  in  full  view  ;  but  the  bottoms  of  these  streams  stop 
us  fully  150  feet  above  the  level  at  which  we  may  reasonably  expect 
to  find  Pocahontas  No.  3.  On  this  stream  the  conglomerate  is  fully 
40  feet  thick,  with  about  30  feet  of  thin-bedded  alternate  limestones 
and  shales  above  it,  the  limestones  showing  Chonetes  variolata  and 
ornata,  Streptorynchus  umbraeulurn,  and  Productus  longispinus. 

Passing  then  westwardly  along  Sandy  ridge  to  the  head-waters  of 
Lick  creek,  Russell  creek,  and  Tom's  creek,  tributaries  of  Clinch 
river,  we  find  that  Prof.  J.  P.  Lesley's  Sheep  Rock  conglomerate  is 
our  identical  friend  that  we  have  followed  assiduously  for  so  many 
miles  from  New  River  and  Pocahontas. 

The  declaration  of  Prof.  Lesley  that  this  great  conglomerate  plate 
overlies  all  the  coals  of  this  region  was  either  made  to  the  writer 
when  he  saw  Prof.  Lesley  at  his  house  in  1881,  or  was  contained  in 
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a  memoir  then  handed  him.  My  observations  there  seem  to  be  con- 
firmed by  distinguished  authority. 

On  the  crests  of  the  hills  of  Tom's  creek,  near  Coeburn  and  over- 
looking the  Clinch  A^alley  branch  of  the  Norfolk  and  Western  rail- 
way, we  might  leave  this  conglomerate  for  the  present  reposing  above 
the  Big  Tom  creek  series,  holding  the  so-called  Imboden  seam  and 
others,  such  as  the  Jawbone,  the  Kennedy,  and  the  two  Banner 
seams;  but  we  feel  constrained  to  add  a  few  more  words.  From 
Tom's  creek  westward  through  Tacoma,  about  8  miles  by  air-line  to 
Norton,  there  is  a  territory  in  which  further  and  very  close  identifi- 
cation is  quite  necessary  to  prove  that  the  so-called  Imboden  seam  of 
Tom's  creek  is  the  real  Imboden  seam  of  Norton  and  the  "Pocket," 
nearer  Big  Stone  Gap.  I  doubt  it.  There  is,  indeed,  some  proba- 
bility that  the  Big  Tom's  creek  coals  and  rocks  sink,  and,  carrying 
the  overlying  conglomerate  with  them,  west  of  Tacoma,  possibly  pass 
entirely  beneath  the  Norton  and  "Pocket"  series,  rising  again  quite 
abruptly  to  the  south  of  Norton  and  the  "  Pocket."  Witness  the 
dip  of  the  rocks  as  we  go  westward  from  the  top  of  Sandy  ridge, 
overlooking  Tacoma  on  one  side  and  Gladeville  on  the  other.  These 
rocks  soon  begin  to  dip  as  we  go  toward  Norton  from  there,  and  de- 
scend at  the  rate  of  300  feet  per  mile.  This  explanation  may  appear 
to  conflict  with  some  views  already  expressed,  I  believe,  with  reference 
to  the  northeastward  continuation  of  the  Stone  Mountain  axis,  as  we 
proceed  from  the  south  northeastward  across  Gess  river,  between  Ta- 
coma and  the  mouth  of  Tom's  creek.  But  those  differences  of  opinion 
which  now  exist,  or  may  hereafter  arise,  with  all  the  interesting  ques- 
tions involved  in  these  correlations,  it  seems  to  me,  can  only  be  solved 
satisfactorily  by  systematic  and  laborious  research,  particularly 
along  faulted  and  eroded  lines,  together  with  a  thorough  study  of 
the  lithology  and  palaeontology  of  each  individual  member  of  this 
entire  series  of  rocks. 

In  closing,  it  may  be  pertinent  to  remark  that,  on  Bennett's  fork 
of  Yellow  creek,  three  miles  westward  from  Middlesborough,  Ky., 
near  the  level  of  that  creek,  these  sub- conglomerate  coals  are  proba- 
bly now  being  mined,  from  which  seams  we  can  readily  trace  the 
well-known  series  up  through  the  Middle  to  the  Upper  Coal-Meas- 
ures,  almost  to  the  crest  of  the  highest  coal-rocks  below  the  Permian. 
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IRON- ORES  OF  EAST  TEXAS. 

BY  W.  KENNEDY,  AUSTIN,  TEXAS, 
(Late  Assistant  Geologist,  Geological  Survey  of  Texas). 

(Virginia  Beach  Meeting,  February,  1894.) 

Introductory. 

Throughout  northeastern  Texas  we  have  an  extensive  series  of 
iron-ore  deposits,  occupying  portions  of  nineteen  counties  and  hav- 
ing approximately  an  actual  ore-covered  area  of  1000  square  miles. 

The  existence  of  these  ores  has  long  been  known.  Kennedy* 
says:  "  Iron-ore  is  distributed  in  profusion  throughout  Texas, being 
found  almost  everywhere  except  in  the  level  region  of  the  coast." 
Before  this,  C.  Newellf  had  mentioned  the  existence  of  these  ores 
thus  :  "  Iron  is  found  in  abundance  in  the  eastern,  northern  and 
middle  portions  of  Texas;"  and  in  1849  Edward  Smithy  said: 
"  We  met  with  immense  hills  of  iron  which  were  said  to  be,  and 
appeared  to  be,  of  excellent  quality,  in  Cass  and  Titus  counties.  .  , 
.  .  It  is  well  known  that  Texas  abounds  with  iron  of  first-rate 
quality."  In  1859,  Dr.  Shumard||  reports  that  detailed  surveys 
had  been  made  in  several  counties,  and  says:  "Our  labors  have 
demonstrated  the  important  fact  that  we  have  a  vast  iron-region  in 
the  eastern  part  of  the  state,  embracing  considerable  areas  in  Cass, 
Harrison,  Rusk,  Panola,  Smith,  San  Augustine  and  Shelby  counties. 
The  ore-deposits  belong  to  the  Tertiary  era  and  consist  chiefly  of 
hematites  and  limonites,  of  which  there  are  several  varieties.  We 
have  also  found  in  this  district  extensive  beds  of  carbonate  of  iron." 
Dr.  Shumard  gives  no  very  exaggerated  description  of  Cass  county§ 
as  it  then  existed  when  he  says  :  "  Cass  county  alone  is  capable  of 
supplying  a  number  of  furnaces  with  an  abundance  of  excellent 
iron-ore  for   many  years."      Of  Rusk  county  he  says:  "Our  de- 


*  Terns,  by  W.  Kennedy,  1842,  vol.  i.,  p.  117. 

f  C.  Newell,  History  of  the  Revolution  in  Texas,  1838,  p.  172. 

X  Account  of  a  Journey  Through  Northeast  Texas,  1849,  pp.  36-37. 

||  Appendix  to  Partial  Rep.  on  Geol.  of  Western  Tex.     Reprint  1886,  p.  142. 

\   Op  cit.     Cass  county  then  included  Marion. 
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tailed  examinations  in  Rusk  county  have  developed  the  occurence  of 
almost  inexhaustible  deposits  of  workable  hematite,  similar  to  that 
found  in  Cass,  while  our  general  surveys  in  Cherokee,  Nacogdoches 
and  the  other  counties  above  enumerated  have  convinced  us  that 
farther  explorations  will  reveal  there  also  the  existence  of  equally 
extensive  accumulations  of  this  important  element  of  state  wealth." 
S.  B.  Buckley,  who  succeeded  Dr.  B.  F.  Shumard  as  State  Geologist, 
gives,  in  his  first  annual  report,  published  in  1874,*  a  short  account 
of  the  ores  of  Cherokee,  Nacogdoches,  Bowie,  Cass  and  Marion 
counties,  and  in  the  same  year  there  was  published,  by  A.  R.  Roess- 
ler,  a  map  of  the  state  purporting  to  show  the  mineral  localities. 

The  next  information  we  have  regarding  the  iron-ores  of  this  dis- 
trict is  contained  in  Executive  Document  No.  195,  First  Session  of 
the  Fiftieth  Congress,  entitled  Report  on  the  Iron  Regions  of  North- 
ern Louisiana  and  Eastern  Texas,  by  Lawrence  C.  Johnson.  From 
this  report  very  little  beyond  the  most  cursory  information  is  ob- 
tainable. 

These  are  all  the  authorities  we  have  regarding  the  quantity  or 
quality  of  the  east  Texas  iron-ores  prior  to  the  establishment  of  the 
present  Geological  Survey  in  1888. 

On  the  establishment  of  the  present  Survey,  Dr.  Penrose  made  a 
reconnoissance  of  east  Texas,  and  a  general  summary  of  his  exam- 
inations of  the  iron-ores  of  the  region  appears  in  the  first  annual 
report  of  the  Survey,  f  The  summary,  although  correct  in  its  gen- 
eral features,  does  not  deal  with  the  ore-question  in  detail.  In  1890, 
the  writer,  with  his  associates,  Messrs.  J.  B.  Walker  and  J.  H. 
Herndon,  took  up  the  whole  question  in  detail,  and  made  careful 
and  accurate  detailed  surveys  of  the  whole  area,  many  of  which  ap- 
pear in  the  second  annual  report  of  the  Survey.  Since  then  the 
writer  has  alone  worked  out  many  of  the  details  of  these  surveys, 
as  well  as  others  made  since.  During  the  course  of  these  examina- 
tions many  specimens  were  collected  and  analyses  made,  the  ore- 
deposits  were  located  and  mapped,  and  their  thickness  and  relative 
geological  positions  determined. 

The  general  public,  and  even  some  of  the  best  authorities  on  iron 
manufacture,  appear  to  have  had  little  or  no  knowledge  of  the  his- 
tory of  the  iron-business  in  Texas.     Even   such  a  generally  well- 


•  First  Ann.  Rep.  Geol.  Surv.  of  Tex.,  1874,  pp.  17-21. 
f  First  Ann.  Rep.  Geol.  Surv.  of  Tex.,  1889,  pp.  65-84. 
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informed  writer  as  Mr.  Swank  says,  on  page  111  of  his  Statistics  of 
the  Iron  and  Steel  Production,  in  the  Tenth  Census,  vol.  ii. 

"  Texas  does  not  appear  to  have  had  any  iron  enterprises  of  any  kind  before  the 
civil  war;  but  three  small  furnaces  are  reported  to  have  been  abandoned  at  the 
close  of  the  war.  They  were  probably  built  during  its  continuance  to  meet  the  ne- 
cessities of  the  Confederate  government.  In  18G9,  a  charcoal-furnace  was  built  at 
Jefferson,  in  Marion  county,  which  was  rebuilt  in  1874.  It  was  in  operation  in 
18S0,  and  was  then  the  only  furnace  in  the  state.  It  is  called  Kelly  furnace, 
after  Mr.  G.  A.  Kelly,  the  president  of  the  Jefferson  Iron  Company,  by  which  it  is 
owned.     It  uses  brown-hematite  ore  found  in  the  neighborhood." 

The  first  iron-furnace  of  which  we  have  any  positive  knowledge 
was  built  in  Cass  county  by  Mr.  J.  S.  Nash  about,  the  year  1855, 
and  was  in  full  operation,  making  "an  excellent  quality  of  iron," 
when  visited  by  Dr.  Shumard  in  1859.  In  the  same  year  (1859) 
Mr.  Reese  Hughes  built  a  furnace  near  Hughes  Springs  in  Cass 
county,  but  did  not  commence  operations  until  1861. 

Several  small  furnaces  or  bloomeries,  of  which  we  have  no  record 
of  any  value,  appear  to  have  been  in  operation  about  1860.  At  an 
extra  session  of  the  Legislature  a  joint  resolution  was  passed  re- 
counting that  inexhaustible  supplies  of  iron-ore  existed  in  Marion 
and  Cass  counties,  and  foundries  were  in  successful  operation,  and 
inviting  the  government  of  the  Confederate  States  "to  consider  the 
propriety  and  importance  of  establishing  a  foundry  and  manufactory 
for  the  manufacture  of  ordnance  and  arms  for  the  Confederate 
States." 

The  Confederate  government  accepted  the  invitation  given  in  this 
resolution  and  took  charge  of  and  operated  some  of  these  furnaces, 
amongst  others  Hughes',  Young's  and  Philleo's  furnaces  and  Neches- 
ville,  Montalbo  and  McLain  bloomeries  for  the  manufacture  of  gun- 
barrels  and  other  munitions  of  war. 

In  1863,  the  Ninth  Legislature  reorganized  the  Military  Board 
and  passed  an  act  making  it  the  duty  of  the  Board  "  to  erect  and 
put  into  operation  one  or  more  furnaces  or  forges  and  other  works 
for  the  manufacture  of  iron,"  and  providing  "  that  all  iron  manu- 
factured by  said  Board  or  under  its  direction  not  needed  for  the  de- 
fence of  the  State  or  in  performance  of  their  duties  shall  be  sold  to 
the  people."  Two  acts  incorporating  the  Texas  Iron  Company  and 
the  Sulphur  Fork  Iron  Company  were  passed  by  this  Legislature, 
together  with  another  important  act  entitled  "  An  Act  to  encourage 
and  promote  the  introduction  and  operation  of  manufacturing  in- 
dustries within  the  State  of  Texas."     In  this  act  the  State  offered  a 
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section  of  land  for  each  one  thousand  dollars  invested  in  the  erection 
of  such  manufactories. 

The  first  and,  so  far  as  we  know,  the  only  company  to  take  ad- 
vantage of  the  provisions  of  this  act  was  the  Sulphur  Fork  Iron 
Company.  This  concern  had  been  incorporated  by  the  same  Legis- 
lature, December  4,  1863,  and  on  June  15,  1864,  began  operations 
with  a  furnace  34  feet  square  and  36  feet  high,  having  a  daily  ca- 
pacity of  about  8  tons.  The  products  were  chiefly  pig-iron  and 
hollow-ware.  The  ore  used  was  a  liraonite  obtained  in  the  imme- 
diate vicinity  of  the  furnace,  and  the  fuel  was  charcoal.  After  a 
troubled  existence  of  nearly  a  year  it  closed  down  about  April  1 , 
1865.  In  July  of  the  same  year,  B.  W.  Musgrove,  sent  by  General 
C.  E.  Hove)7  to  report  on  the  condition  of  the  works,  recommended 
their  operation  by  the  United  States  government.  This  was  not 
done,  however,  and  land  claims  under  the  act  of  1863  being  pre- 
sented to  the  State  government,  Governor  Throgmorton,  in  1866, 
sent  W.  E.  Estis  to  examine  and  report  on  the  condition  of  the 
works  and  at  the  same  time  make  an  estimate  of  their  value.  Mr. 
Estis  valued  the  plant,  machinery,  buildings  and  such  other  ma- 
terials as  he  could  find  at  $97,500.  Shortly  after  this  the  machinery 
was  removed  and  the  buildings  were  torn  down.  At  the  time  of  the 
writer's  visit  in  1890,  the  whole  pla^e  was  covered  with  a  dense 
timber-growth  and  nothing  but  a  small  heap  of  cinder  was  left  to 
show  that  it  had  ever  been  anything  else.  Many  brick  chimneys, 
however,  throughout  the  county  stand  to- day  as  mute  witnesses  of 
the  destruction  of  the  last  furnace  of  a  troubled  time. 

With  the  destruction  of  the  Sulphur  Fork  furnace  closed  the 
initial  period  of  the  attempts  to  manufacture  iron  from  east  Texas 
ore.  With  the  exception  of  the  Nash  furnace,  which  had  long  be- 
fore gone  out  of  blast,  these  furnaces  and  bloomeries  were  all  of  ab- 
normal growth,  and  their  existence  was  due  solely  to  the  exigencies  of 
war.  The  closing  of  the  war  and  the  return  of  peace  with  the  more 
stable  conditions  of  trade,  the  want  of  a  local  market  for  their  pro- 
ducts and  the  great  cost  of  transportation  to  the  more  distant  trade 
centers  operated  against  them,  and,  one  by  one,  they  fell  into  disuse 
and  eventual  destruction. 

The  want  of  a  good  local  demand  is  forcibly  illustrated  in  the 
history  of  the  Loo  Ellen  furnace.  This  furnace  was  erected  in 
1869  and  put  into  blast  in  1870  by  Mr.  G.  A.  Kelly,  who  operated 
it  until  1882,  when,  owing  to  business  difficulties,  it  passed  into  the 
hands  of  the  Marshall  Car  Wheel  and  Foundry  Company.     Al- 
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though  the  capacity  of  the  furnace  was  ouly  ten  tons  daily,  the 
local  demand  was  so  small  that  in  1886,  four  years  later,  the  com- 
pany had  accumulated  a  stock  far  beyond  their  immediate  ne- 
cessities, and  the  furnace,  being  in  need  of  repairs,  was  closed  down, 
and  is  now  only  a  ruin. 

A  new  era  began  in  1885.  The  state  government  built  a  new 
penitentiary  at  Rusk  and  erected  the  "  Old  Alcalde  "  furnace  in  the 
midst  of  one  of  the  extensive  ore-fields.  This  furnace  was  designed 
chiefly  to  provide  employment  for  the  state  convicts  and  incidentally 
to  demonstrate  the  availability  of  the  iron  ores  of  that  portion  of 
the  state  for  manufacturing  purposes.  This  furnace  passed  through 
a  number  of  vicissitudes  of  various  kinds  until  it  was  reconstructed 
by  Mr.  John  Birkinbine,  and  is  now  successfully  producing  pig-iron 
of  various  grades  and  cast-iron  water-pipes,  as  well  as  many  other 
castings,  direct  from  the  furnace. 

The  ultimate  apparent  success  of  the  "  Old  Alcalde  "  gave  rise  to 
considerable  speculation  in  iron-ore  lands;  many  of  the  smaller 
places  throughout  the  ore-regions  started  on  a  "boom;"  and,  as 
usual,  each  claimed  to  have  the  best  ore-land  in  the  State,  and  all 
the  facilities  for  the  successful  operation  of  furnaces.  Some  of  the 
places  formed  companies  and  offered  large  bonuses  to  any  one  who 
would  deal  with  them.  Private  individuals  spent  both  time  and 
money  buying  options  on  land  supposed  or  reported  to  be  ore-bear- 
ing. Furnace  companies  also  began  operations  in  several  places. 
Of  these,  however,  only  three  erected  plants.  These  are  the  Chero- 
kee Land  and  Iron  Company  and  the  Cherokee  Iron  Manufacturing 
Company,  located  at  New  Birmingham  in  Cherokee  county,  and  the 
Lone  Star  Iron  Company  at  Jefferson,  in  Marion  county.  These 
have  a  combined  daily  capacity  of  205  tons,  distributed  as  follows : 


Furnaces. 

Daily  Product. 

Ore. 

Old  Alcalde, 

25  tons, 

Laminated. 

Tassie  Belle, 

50     " 

"           out  of  blast. 

Star  and  Crescent, 

50     " 

«                    « 

Lone  Star, 

80    " 

Nodular. 

Geology  of  the  Ore-Region. 

Ah  hough  iron-ores  occur  in  many  portions  of  east  Texas  the 
great  ore-belt  may  be  described  as  a  triangular  area,  bounded  on  the 
north  by  an  irregular  line  drawn  from  the  Sulphur  Fork  in  Cass 
county,  extending  west  and  south  through  Daingerfield  in  Morris 
county  to  a  little  south  of  Quitman  in  Wood  county.     The  western 
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limitation  of  the  belt  extends  irregularly  southward  through  the 
west  side  of  Smith,  east  side  of  Van  Zandt  and  Henderson,  and 
the  center  of  Anderson  county,  a  short  distance  west  of  Palestine, 
and  in  a  southwesterly  direction  to  the  Brazos  river  near  Hearne. 
The  southern  side  is  limited  to  a  line  crossing  the  Trinity  river  near 
Crockett,  the  Neches  at  Augusta  and  the  Sabine  river  near  the  north- 
east corner  of  Sabine  county.  The  total  area  is  approximately 
10,000  square  miles  of  which  about  1000  square  miles  are  covered 
with  iron-ore. 

While  there  may  be  small  detached  or  isolated  deposits  of  iron- 
ore  lying  without  the  limits  of  the  territory  embraced  within  these 
lines,  yet  it  may  be  said  that  this  area  includes  the  whole  of  the 
workable  deposits  of  ore  within  this  portion  of  the  State.  It  must 
not,  however,  be  inferred  from  this  that  the 'whole  or  even  a  very 
large  proportion  of  these  deposits  are  of  such  extent,  quality  and 
quantity,  or  located  in  such  positions,  as  to  warrant  their  being 
worked.  Of  the  1000  square  miles  of  ore-covered  territory  prob- 
ably a  little  over  one-half,  or  550  square  miles,  can  be  classified  as 
workable  deposits. 

The  topography  of  the  ore-region  will  be  best  understood  when  it 
is  compared  to  a  great  plain  sloping  gently  to  the  southeast,  cut  into 
many  flat-topped,  steep-sided  ridges  and  small  table-lands  by  the 
numerous  water  courses  which  have  their  sources  within  the  region, 
or  find  their  way  through  it.  These  flat-topped  areas  are  usually 
denominated  mountains,  although  but  few  of  them  reach  an  altitude 
of  over  700  feet  above  sea-level,  and  their  existence  is  due  solely 
to  the  presence  of  an  iron  capping  found  either  lying  upon  the  sur- 
face or  beneath  a  thin  covering  of  yellowish-brown  sand.  This  con- 
dition obtains  mostly  through  the  central  and  western  portions.  In 
the  northeastern  and  along  the  eastern  boundary  of  the  area,  the 
hills  forming  the  overlying  beds  of  the  central  and  western  portions 
have  been  almost  entirely  eroded  and  the  country  lies  at  a  generally 
lower  level.  In  this  region  the  hills  rarely  reach  an  elevation  of 
350  feet,  and  water-courses  and  larger  streams  are  bordered  with  wide 
margins  of  marshy  lands  and  extensive  areas  subjected  to  repeated 
and  long-continued  overflow. 

The  few  higher  elevations  found  in  this  area  are  either  the  rem- 
nants of  the  overlying  beds  which  form  the  highlands  of  the  cen- 
tral area,  or  are  formed  of  deposits  of  gray  and  brownish-yellow 
sands  and  brown  and  yellowish-brown  sandstone,  and  contain  de- 
posits or  irregular  beds  of  nodular  ore.     It  is  to  the  presence  of 


264  IKON   ORES   OF    EAST   TEXAS. 

these  sandstones  and  ore-deposits  that  many  of  the  hills  owe  their 
existence,  and  it  is  more  than  probable  that  these  hills  represent  a 
disintegrated  and  destroyed  continuation  of  the  glauconitic  or  green- 
sand  beds  forming  the  mountains  of  Cherokee  and  Rusk  counties. 
No  fossils  have  been  found  in  these  deposits,  and  therefore  their  geo- 
logical position  cannot  be  accurately  determined.  It  may  be  noted, 
however,  that,  wherever  found,  these  hills  and  associated  sands  over- 
lie the  upper  stratified  division  of  thelignitic  beds  and  therefore  can- 
uot  be  of  lignitic  age. 

The  geology  of  the  ore-region  is  extremely  simple  in  its  greater 
features.  Only  two  of  the  great  geological  divisions  are  represented 
— the  Quaternary  or  Pleistocene  and  the  Eocene  stage  of  the  Tertiary. 
The  former  of  these  consists  of  irregularly  deposited  soft  ferrugin- 
ous sands  and  ferruginous  sandstones  of  a  brown  and  brownish-yellow 
color,  lying  in  irregularly  lenticular  shape  and  intermixed  or  inter- 
stratified  with  the  sand  from  which  they  have  been  derived  or  of 
which  these  sandstones  form  the  source.  It  is  impossible  to  deter- 
mine exactly  the  relations  between  the  two,  they  look  so  much 
alike.  Light  gray  and  yellow  sands  and  brown  clays  occur  in  many 
places  ;  and  to  this  division  belongs  the  great  series  of  what  have 
been  denominated  conglomerate  iron-ores. 

The  Quarternary  deposits  occur  only  as  scattered  remnants  of  a 
great  blanket-like  sheet,  which  at  one  time  apparently  covered  the 
whole  of  this  area  and  extended  many  miles  farther  to  the  south- 
ward, but  which  has  long  since  been  eroded  from  all  but  the  higher 
ridges,  and  is  even  now  rapidly  disappearing. 

The  Tertiary  is  represented  throughout  the  ore-regions  by  two 
members  of  the  Eocene,  as  that  stage  has  been  divided  in  Texas  : 
the  lignitic,  and  the  greensand  or  marine  fossiliferous  beds.  The 
lignitic  division  consists  of  an  extensive  series  of  variously-colored 
sands,  sandy  clays,  clays  and  brown  coal  and  lignite.  The  sands  are 
colored  white,  yellow,  brown,  red,  gray,  blue  and  black,  the  colors 
often  shading  into  one  another  and,  with  the  exception  of  the  dark 
blue  and  black  and  occasionally  white  beds,  presenting  no  uniformity 
of  coloration  for  any  distance.  In  structure  these  beds  are  laminated 
or  thinly  stratified,  massive  or  cross-bedded  and  frequently  interlami- 
nated  with  clay.  The  clays  occur  in  massive  and  stratified  beds 
and  interlaminated  and  interstratified  with  the  sands.  Many  of  the 
beds  occur  comparatively  free  from  sand  ;  but  the  greater  portion 
exist  as  sandy  or  micaceous  clays  and  are  generally  dark  blue,  gray 
or  black.     Occasional  deposits  of  red  and  yellow  clays  occur,  and 
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frequently  beds  of  white  clay  are  found,  many  of  which  are  of  con- 
siderable value  as  refractory  material.  The  uppermost  division  of 
these  deposits  consists  of  a  series  of  laminated  or  thinly  stratified 
white  and  red  sands  and  sandy  clays,  frequently  merging  into  one 
another,  and  forming  a  mottled  sandy  clay  or  clayey  sand.  The 
lamina?  generally  do  not  exceed  one-fourth  to  one-half  inch  in  thick- 
ness; but  the  white  clay  frequently  expands  to  six  feet  or  more. 
These  sands  form  a  base  line,  beneath  which  no  deposits  of  ore  oc- 
cur that  may  be  considered  to  have  more  than  theoretical  interest. 

The  lignitic  division  is  extensively  developed  along  the  northern 
border  of  the  ore-regions  and  throughout  Bowie,  Cass,  Marion, 
Panola,  Shelby  and  other  counties  along  the  eastern  boundary  of 
the  State.  It  has  an  ascertained  thickness  in  Marion  and  Harrison 
counties  of  over  800  feet,  and  may  probably  be  correlated  with  the 
lignitic  of  Alabama  and  Mississippi,  with  which  it  appears  to  be 
connected  through  Arkansas  and  Louisiana. 

It  is  to  this  division  that  the  great  series  of  brown  coals  and  lig- 
nites belong.  Small  quantities  of  nodular  ore  also  occur  throughout 
the  area  occupied  by  these  deposits,  but  these  have  more  of  a  theo- 
retical than  an  actual  value. 

The  marine  Tertiary  or  greensand  deposits  overlie  the  lignitic 
beds,  and  consist  of  a  series  of  brown  and  yellow  sands,  green  sands, 
altered  greensands'and  clays,  with  extensive  deposits  of  ferruginous 
sandstones  and  laminated  iron-ores.  The  upper  division  of  these 
beds  comprises  brown  fossiliferous  sand,  greensand  marls,  stratified 
black  and  gray  sandy  clays  and  green  fossiliferous  clays.  While 
the  heavier  beds  or  ore-deposits  occur  near  the  top  of  the  series,  thin 
strata  or  irregular  laminae,  ranging  from  one-fourth  inch  to  two 
inches  of  carbonate  of  iron  occur  throughout  the  whole  series.  This 
division  rests  directly  upon  the  lignitic,  forms  the  higher  grounds  or 
mountains  of  the  central  and  western  portions  of  the  ore-region, 
and  is  extensively  developed  in  Cherokee,  Anderson  and  several 
other  counties.  Mount  Selman  and  Gent  mountain  in  Cherokee, 
Hynson's  mountain  in  Harrison,  and  Cook's  mountain  in  Houston 
county,  all  belong  to  this  series.  These  beds  may  be  correlated  to  a 
lower  phase  of  the  Claiborne,  and  have  an  aggregate  thickness  of 
650  feet. 

Age  of  the  Ore-Deposits. 

Considerable  confusion  appears  to  have  arisen  regarding  the  age  of 
these  ore-deposits.      In  the  Tenth    Census,*   Professor   Pumpelly 

*  Tenth  Census,  vol.  xv.,  plate  viii. 
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shows  them  as  belonging  to  the  Quaternary.  In  this  report  the 
only  ore  considered  was  that  used  at  the  Kelly  furnace  in  Marion 
county,  and  this  age  was  probably  assigned  to  the  deposits  on 
account  of  their  similarity  in  occurrence  and  structure  to  ores  found 
in  northern  Mississippi  by  Dr.  Hilgard,*  and  by  him  assigned  to 
the  orange  sand.  Mr.  Lawrence  C.  Johnsonf  divides  the  ores  of 
the  region  under  consideration  into  two  divisions — the  nodular 
ore,  which  he  assigns  to  the  lignitic,  and  the  lacustrine  ore,  which 
he  divides  into  "  buff  crumbly  "  and  "laminated"  ores,  and  as- 
signs to  the  Quaternary,  with  the  reservation  that  some  of  it  may 
be  Tertiary.  Dr.  Penrose,  in  his  preliminary  report  on  the  ge- 
ology of  the  Gulf  Tertiary  of  Texas,§  ascribes  the  origin  of  the 
laminated  ores  to  the  destruction  of  the  glauconitic  beds  and  con- 
sequently to  the  same  age  as  the  marine  Tertiary  beds,  while  the 
nodular  ore  he  is  disposed  to  associate  with  the  underlying  lig- 
nitic deposits.  This  view  he  emphasizes  in  his  report  on  the  iron- 
ores  of  Arkansas,  where  we  find  him  saying: 

"  In  eastern  Texas  where  the  geologic  position  of  the  Tertiary  iron-ores  is  more 
easily  defined  than  in  Arkansas,  two  principal  divisions  of  the  Eocene  contain 
noticeable  quantities  of  ore;  the  lower  one  is  the  great  series  of  sands  and  clays 
which  forms  the  central  part  of  the  Eocene  ;  the  upper  one  is  the  Claiborne  glau- 
conite  which  overlies  these  beds."|| 

In  eastern  Texas  the  lower  division  of  Dr.  Penrose's  Timber 
Belt  series  is  that  division  denominated  by  Mr.  Johnson  and  by  the 
Geological  Survey  of  the  State  the  "lignitic;"  the  upper  division  is 
the  series  of  beds  known  by  the  Survey  as  the  "  marine  beds"  or 
lower  Claiborne.  Both  are  of  Tertiary  age.  It  is  therefore  un- 
necessary to  consider  Professor  Pumpelly's  statement  as  to  the  age 
of  those  ore-deposits.  Mr.  Johnson's  division  of  the  ages  may  also 
be  passed  for  the  present.  Dr.  Penrose's  assignment  of  the  different 
characters  of  ore  to  different  divisions  of  the  Tertiary  deserves  more 
attention. 

After  an  exhaustive  examination  of  the  lignitic  beds  throughout 
their  greatest  extension  in  the  regions  in  which  the  nodular  ores 
form  the  prevailing  ore-deposits,  and  also  an  extended  series  of  ex- 

*  Agriculture  and  Geology  of  Mississippi,  1860,  p.  10. 

f  Report  on  the  Iron  Regions  of  Northern  Louisiana  and  Eastern  Texas,  50th  Cong., 
1st  Session,  Ex.  Doc.  No.  195. 

I  First  Ann.  Rep.  Geol.  Surv.  of  Tex.,  1889,  pp.  65-84. 

||  "Iron-Ores  of  Arkansas,"  Geol.  Survey  of  Ark.,  vol.  i.,  1892,  pp.  105-6. 
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aminations  covering  the  greater  portion  of  the  territory  devoted  to 
the  laminated  ores  as  well  as  many  hundreds  of  square  miles  of 
lignitic  areas,  in  which  no  ore  of  any  grade  exists,  the  writer  has 
come  to  the  conclusion  that  all  the  ore-deposits,  whether  nodular  or 
laminated,  are  of  one  and  the  same  age,  and  that  the  existence  of  the 
nodular  ore  in  that  form  is  due  altogether  to  the  disintegration  and 
consequent  destruction  of  the  greensand  deposits. 

As  has  been  observed  already,  the  uppermost  deposits  of  the 
lignitic  beds  are  a  series  of  thinly  laminated  white  and  red  sands  and 
sandy  clays,  which  lie  in  direct  contact  with  the  lowest  members  of 
the  greensand  deposits  of  the  marine  beds.  #These  laminated  de- 
posits, wherever  seen,  have  a  covering  of  iron  or  ferruginous  sand- 
stone, varying  from  half  an  inch  to  one  inch  in  thickness,  and  below 
which  not  one  of  the  extensive  ore-deposits  of  any  kind  is  ever 
found. 

Small  quantities  of  nodular  ore  do  occur  in  some  portions  of  the 
lignitic  beds  but  these  are  usually  found  at  considerable  depths,  and 
are  never  extensive.  Many  of  these  nodules  have  the  peculiarity, 
where  hollow,  of  being  filled  with  water;  sometimes  these  nodules 
contain  ocher;  and  I  have  yet  to  see  one  containing  sand.  It  must 
also  be  borne  in  mind  that  throughout. the  very  extensive  range  of 
country  embracing  the  northern  half  of  Robertson,  great  portions  of 
Limestone,  Henderson,  Wood  and  Smith  counties,  as  well  as  the 
southern  portion  of  Harrison  and  northern  half  of  Panola  county, 
all  of  which  are  covered  exclusively  by  lignitic  deposits,  no  bodies 
of  nodular  ore  exist.  Occasional  nodules  are  met  with  in  digging 
wells;  but  these  are  generally  small  and  unimportant. 

The  assumption  that  the  nodular  ores  belong  to  the  lignitic,  both 
by  Johnson,  who  first  made  the  statement,  and  by  Penrose,  who 
apparently  followed  him  in  this  as  in  several  other  statements,  ap- 
pears to  have  arisen  from  the  generally  accepted  idea  that  this  class 
of  ore  is  found  only  in  the  lignitic  areas  of  the  State,  and  that  the 
region  embraced  by  Cass,  Morris,  Upshur  and  Marion  counties,  in 
which  the  nodular  ores  form  the  most  abundant  class  of  iron,  is  oc- 
cupied altogether  by  deposits  of  the  lignitic  series. 

While  it  may  be  admitted  that  the  greater  extent  of  the  territory 
covered  by  these  counties  is  occupied  by  beds  belonging  to  the  lower, 
or  lignitic  division,  this  class  of  deposits  does  not  form  the  whole  of 
the  region.  Widely  spread  fragmentary  deposits  of  greensand  marls 
and  glauconitic  sandstones  occur  in  many  portions  of  Cass,  Morris 
and   Marion    counties.     These   fragmentary    deposits    often   cover 
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several  miles  of  territory,  and  their  presence  is  always  marked  by 
the  occurrence  of  heavy  deposits  of  nodular  ore  and  a  greater  or  less 
extent  of  broken  fragments  of  laminated  ore. 

In  Cass  county  altered  greensand  belonging  to  the  marine  beds 
occurs,  in  association  with  both  nodular  and  laminated  ore,  at  the 
Berry  Crawford  mine,  scarcely  a  mile  north  of  Atlanta  Station. 
Here  the  nodular  overlies  the  laminated  ore  and  the  altered  green- 
sand  underlying  the  ore-deposits  rests  directly  upon  the  uppermost 
deposits  of  the  lignitic  series.  The  same  ridge  extends  north- 
westerly and  northerly  for  several  miles;  and  nodular  ore  is  found 
buried  in  a  brownish, gray  to  yellow  sand  forming  the  summit  and 
sides  of  the  ridge.  The  region  around  Hughes  Springs,  in  the  same 
county,  is  covered  for  several  miles  with  broken  deposits  of  lamina- 
ted ore,  resting  upon  beds  of  pyritiferous  greensand.  These  beds 
extend  westward  to  and  beyond  Daingerfield,  and  southward  to  near 
Little  Cypress  Bayou  in  Morris  county.  In  this  area,  both  lami- 
nated aud  nodular  ores  occur  in  close  association.  These  deposits 
rest  upon  the  same  laminated  white  and  red  deposits  seen  in  the 
Berry  Crawford  mine  region.  Altered  greensand,  associated  with 
ore  and  sandstone  of  the  same  age,  occurs  also  near  Cusseta  Post- 
Office  in  the  northern  portion  of  Cass  county. 

Coming  southward  into  Marion  county,  the  laminated  buff  crum- 
bly ore,  associated  with  ferruginous  sandstone  and  nodular  ore  oc- 
curs on  a  small  hill,  about  two  miles  north  of  Jefferson.  Here  also 
these  deposits  rest  upon  the  laminated  red  and  white  sands  and 
clays  of  the  lignitic.  Another  deposit  of  greensand  occurs  in  the 
banks  of  Cypress  bayou,  close  to  the  town  of  Jefferson  ;  and  in  the 
northwestern  corner  of  the  county  there  is  a  continuation  of  the  same 
beds  seen  in  Morris  and  western  Cass  county. 

An  extensive  area  overlain  by  these  glauconitic  marine  deposits 
forms  a  high  ridge  through  the  center  of  Harrison  county.  The 
eastern  or  northeastern  end  of  this  ridge  lies  about  six  miles  north 
of  the  town  of  Marshall,  and  the  western  end  extends  a  short  dis- 
tance west  of  the  western  line  of  the  same  county.  This  area  is 
fossil iferous,  to  some  extent,  throughout.  The  fossils,  however, 
usually  occur  only  as  casts,  and  belong  to  the  fauna  common  to  the 
lower  Claiborne  greensands.  Both  nodular  and  laminated  ores 
occur  in  close  association  on  the  top  of  some  portions  of  the  ridge, 
and  many  nodules  of  the  same  grade  lie  amongst  the  broken  lami- 
nated ore  along  the  sides  and  in  the  stream-channels  flowing  through 
or  from  the  ridge.     This  ridge  is  cut  off  from  the  northern  deposits 
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by  Little  Cypress  bayou  and  the  bottom-lands  belonging  to  that 
stream,  and  its  western  extension  is  cut  short  by  the  Sabine  river 
and  its  associated  flat-lands.  The  glauconitic  deposits  of  the  ridge 
itself  rest  directly  upon  the  uppermost  stratified  deposits  of  the 
lignitic,  whose  white  and  red  ribbon-like  sands  and  clays  crop  out 
everywhere  along  the  base  of  the  ridge,  and  in  some  of  the  deep 
cuttings  extending  through  the  area.  A  small  outcrop  of  altered 
greensands,  with  thin  laminae  or  strata  of  laminated  ore,  occurs  on 
the  north  side  of  Little  Cypress,  at  Allen's  Bridge.  The  intimate 
association  of  these  altered  sands  with  the  ore  can  readily  be  under- 
stood when  it  is  stated  that  the  latter  lies  interstratified  with  and 
filling  numerous  joints  in  the  sands. 

In  Smith  county,  also,  we  find  isolated  hills  of  sands  and  lam- 
inated ores  belonging  to  the  same  age.  A  hill  half  a  mile  west  of 
Swann  Switch  shows  this  structure,  and  about  nine  miles  southeast 
of  Tyler  a  ridge,  showing  laminated  ore,  rests  directly  upon  an 
altered  greensand,  containing  casts  of  lower  Claiborne  fossils. 

It  must  be  remembered  that  these  are  all  detached  areas,  separated 
by  wide  intervals  from  the  main  body  of  the  greensand  deposits,  and 
these  denuded  areas  are  occupied  by  streams,  some  of  which  are  of 
considerable  size,  and  to  the  action  of  which  a  great  part  of  the 
denudation  may  possibly  be  due. 

The  position  of  the  nodular  ores  in  relation  to  the  laminated 
variety  is  somewhat  difficult  to  determine  exactly.  In  many  places 
we  find  them  overlying  the  laminated  deposits ;  but,  at  the  same 
time,  it  must  be  admitted  that  the  greater  portion  of  these  ores  lie 
at  considerably  lower  levels.  The  lower-level  ores,  however,  all 
occur  in  positions  unconformable  with  and  overlying  the  uppermost 
deposits  of  the  lignitic.  With  but  very  few  exceptions  the  nodules 
or  geodes  of  ore,  irrespective  of  their  positions,  are  intermixed  and 
interbedded  with  a  brownish-gray  or  yellow  sand,  of  the  same 
texture  and  appearance  as  that  usually  found  overlying  the  lam- 
inated ore-beds  of  the  regions  exclusively  occupied  by  that  class  of 
ore.  These  nodules  are  not  infrequently  mixed  with  broken  frag- 
ments of  the  laminated  variety. 

From  these  facts  it  would  appear  that  the  whole  area  was  at  one 
time  completely  covered  by  the  marine  beds,  with  their  associated 
deposits  of  ore,  and  that  through  a  prolonged  period  of  erosion 
these  deposits  have  been  gradually  broken  down  and  destroyed. 
The  iron,  by  a  process  of  leaching  and  segregation,  has  acquired  the 
nodular  form  in  which  we  now  find  it.     The  theory  advanced  by 
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Dr.  Hilgard*  for  the  formation  of  these  ores,  as  applied  to  their 
orange-sand  origin,  viz.,  that  these  nodules  have  been  formed  along 
the  line  of  contact  between  the  orange  sand  and  the  underlying 
lignitic  clays  by  the  oxidation  and  lixiviation  of  the  iron  from  the 
sands,  may  as  well  be  applied  to  their  formation  from  the  destruc- 
tion and  consequent  ferrugination  of  the  glauconitic  material  con- 
tained in  the  marine  Tertiary  beds.  This  erosion  is  going  on  rapidly 
at  the  present  time. 

Returning  to  Mr.  Johnson's  idea  that  the  laminated  ores  are 
lacustrine  and  were  produced  at  various  stages  of  the  Quaternary 
history  of  the  region  under  consideration,  and  some  of  them  possi- 
bly during  the  Tertiary,f  the  examinations  made  throughout  the 
region  show  very  conclusively  that  none  of  these  ores  belong  to 
any  portion  of  the  Quaternary,  but  the  whole  of  the  laminated 
ores  are  connected  with,  and  form  an  integral  part  of,  the  marine 
beds.  Many  of  the  sections  examined  in  widely  separated  portions 
of  the  country  show  the  same  character  of  ore  to  occur  at  more  than 
one  horizon  and  to  lie  interstratified  with  the  glauconitic  beds. 
Borings  in  many  places  have  demonstrated  the  existence  of  these 
ore-deposits  within  the  interior  of  the  beds,  so  that  they  are  not 
solely  due  to  atmospheric  action.  These  lower  deposits  are  usually 
much  thinner  than  the  upper,  or  what  may  be  denominated  the  sur- 
face or  main  body  of  ore.  Besides  being  thus  connected  strati- 
graphically  with  the  greensand  beds,  the  ores  themselves  are  fossil- 
iferous  and  carry  a  fauna  similar  to  that  of  the  greensand  beds,  and 
therefore  belong  to  the  marine  or  lower  Claiborne  stage  of  the  Ter- 
tiary. 

Classification  of  the  Ores. 

The  iron-ores  of  east  Texas  are  all  hydrated,  and  have  been 
classed  for  convenience  as  limonites  or  brown  ores,  although, 
strictly  speaking,  some  portions  of  them  may  not  belong  to  that 
species.  From  their  physical  structure,  rather  than  their  chemical 
constitution  or  metallic  ratios,  these  ores  have  been  divided  into 
three  classes,  viz.,  nodular,  laminated  and  conglomerate.  Of  the 
last  class  no  account  has  been  taken  in  this  paper,  since  aside  from 
the  peculiarity  of  its  structure,  position  and  quantity  it  is  of  no 
great  interest,  and  of  no  economic  use  whatever  as  a  metal-producer. 

*   Ayr.  and  Geol.  of  Mississippi,  1860,  pp   23-24. 

f  Report  on  the  Iron  Regions  of  Northern  Louisiana  and  Eastern  Texas,  1st  Session, 
50th  Congress,  Ex.  Doc,  No.  195. 
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The  conglomerate  ores  are  usually  a  mixture  of  ferruginous  pebbles, 
sand  and  gravel,  and  in  many  places  siliceous  pebbles  cemented 
together  in  an  iron  matrix.  They  are  generally  associated  with 
streams,  either  (as  in  the  case  of  the  older  deposits)  lying  high  up  in 
the  bank,  marking  a  former  level  of  the  stream,  or  near  its  source, 
or  (as  in  the  case  of  the  newer  deposits)  lying  close  to  the  present 
water-level.  Occasionally  deposits  of  siliceous  conglomerates  are 
found  capping  the  hills  and  ridges. 

The  nodular  ore  is  usually  found  in  the  form  of  irregularly- 
rounded,  oval  and  flattened  or  ellipsoidal  nodules  or  boulders  from 
a  few  inehes  to  one  or  two  feet  in  length.  Outside,  these  present  a 
smooth  appearance  and  dull  or  earthy  brown  color.  When  broken, 
the  shell  presents  a  striated  appearance  of  yellow  and  brown  colors, 
formed  by  the  alternate  concentric  rings  of  iron-ore  and  ocher. 
These  striations  usually  do  not  exceed  one- fourth  to  one-half  inch 
in  thickness,  but  in  some  of  the  larger  nodules  the  iron  has  a  thick- 
ness of  over  an  inch,  and  in  many  the  yellow  ochreous  concentric 
rings  are  absent,  in  which  case  the  whole  shell,  with  the  exception 
of  the  brown  outer  covering,  is  dark  blue.  The  interior  coating  of 
the  shell  is  often  a  glossy  black.  Many  of  these  concretions  are 
hollow  ;  a  great  number,  however,  have  the  interior  filled  with  a 
core  of  brown  or  yellow  ocher,  similar  to  that  forming  the  yellow 
rings;  others  have  dendritic  formations  of  ore  spreading  through 
the  center  and  having  the  ends  fastened  to  the  inner  side  of  the 
shell.  Some  few,  particularly  of  the  flattened  oval  form,  have  the 
entire  center  filled  with  convolutions  of  the  inner  ring.  Most  of 
the  rounded  forms  are  either  empty  or  filled  with  the  same  character 
of  yellow  sand  amongst  which  they  lie.  In  no  case  has  a  single 
specimen  been  found  containing  water,  as  in  the  sporadic  nodules 
found  in  the  lignitic  beds.  Nodules  containing  siliceous  pebbles 
and  conglomerate  are  occasionally  met  with  in  Harrison  county. 

The  laminated  ores  vary  in  appearance  as  well  as  texture  and 
thickness.  In  places,  these  ores  occur  in  thin  laminse  of  dark 
brown  or  chestnut  color,  interstratified  with  similar  laminae  of  bright 
orange  or  yellow.  These  laminae  rarely  exceed  a  quarter  of  an 
inch  in  thickness.  At  other  places,  the  ores  become  more  massive, 
occur  in  beds  from  two  inches  to  as  many  feet  thick,  and  vary  in 
color  from  a  dark  chestnut-brown  to  a  lighter  shade  of  the  same 
color,  with  small  irregularly  disseminated  patches  of  yellow  show- 
ing throughout  the  mass.  This  ore  also  occurs  in  thin  wavy 
laminae  of  from  chestnut-brown  to   black  color,  usually  having  the 
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spaces  between  the  laminae  filled  with  fine  clayey  material.  This 
grade  is  usually  of  a  very  crumbly  nature,  hence  the  name  given  to 
it  of  "  buff  crumbly."  The  laminated  ores  have  also  been  made  to 
include  the  botryoidal  and  mammillated  forms  frequently  found  in- 
termixed with  the  other  ores. 

While  the  ores  of  both  classes  are  found  more  or  less  in  con- 
junction with  each  other,  the  whole  ore  region  admits  of  a  division 
into  two  districts  in  which,  respectively,  the  different  classes  of  ore 
predominate.  In  the  northeastern  portion  of  the  area  under  con- 
sideration, the  nodular-ore  is  the  more  prevalent,  hence  this  may  be 
distinguished  as  the  nodular-ore  region  and  made  to  embrace  the 
whole  of  Cass  and  Marion  counties,  a  small  portion  of  Morris,  the 
most  of  Upshur,  the  eastern  side  of  Harrison  and  small  portions  of 
Panola  and  Shelby  counties. 

What  may  be  designated  as  the  laminated  ore  district  comprises 
the  greater  portion  of  the  entire  ore-field,  being  the  greater  portion 
of  Morris,  Harrison,  Rusk,  Nacogdoches,  portions  of  Smith,  Hen- 
derson, Anderson  and  nearly  the  whole  of  Cherokee  county.  This 
class  of  ore  reaches  its  greatest  areal  development  in  the  last-named 
county.  Small  quantities  of  laminated  ore  occur  also  but  no  ore- 
bodies  of  any  economic  importance  are  known  in  Houston,  Leon 
and  Robertson  counties.  As  we  approach  the  Brazos  river,  the 
western  end  of  the  region  parts  with  its  ore  and  is  to  a  great  extent 
covered  with  a  ferruginous  sandstone. 

Unlike  the  nodular  ore  (which  is  found  as  a  rule  in  separate  de- 
posits with  considerable  areas  of  barren  country  between  them  and 
usually  imbedded  in  sand),  the  laminated  ore  forms  a  continuous 
covering  over  large  areas.  Its  continuity  may  be  traced  from  hill  to 
hill,  as  in  Cherokee,  over  nearly  two-thirds  of  the  county,  with  only 
the  stream-channels  intervening.  In  places  it  is  covered  with  de- 
posits of  a  grayish  or  brownish-yellow  sand  ;  but  it  frequently 
forms  the  surface  in  spots  covering  several  acres.  Small  secondary 
deposits  lie  at  various  depths  in  the  glauconitic  sands  beneath  the 
main  bodies,  and  borings  have  been  made  throughout  several  por- 
tions of  the  field  in  the  expectation  of  finding  a  heavy  deposit,  but 
without  success.  The  secondary  deposits  are  all  without  exception 
too  thin  and  of  too  poor  a  grade  to  possess  practical  value. 

Thus  we  have  for  the  laminated  ore  a  specific  horizon,  below 
which  it  appears  to  be  useless  to  look  for  any  economic  ore.  It  is 
different  with  the  nodular  class.  Ores  belonging  to  this  grade  have 
no  real  horizon  and  it  is  difficult  to  say  where  they  really  do  lie. 
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The  only  guide  in  that  area  is  the  laminated  sands  of  the  lignitic,  be- 
low which  it  is  useless  to  look  for  ore. 

The  ore-deposits  are  very  variable  in  thickness.  To  the  nodular 
ores  no  thickness  can  be  given.  They  usually  occur  in  the  form  of 
irregular  deposits  covering  areas  extending  from  ten  to  several  hun- 
dred acres,  and  having  a  thickness  of  from  one  to  five,  and  occasion- 
ally more  feet.  The  laminated  ores  are  more  uniformly  distributed 
over  much  wider  areas,  and  have  a  thickness  ranging  from  two  to 
seven  and  sometimes  ten  feet,  although  throughout  their  greatest  ex- 
tent they  are  rarely  more  than  two  and  a  half  feet  thick. 

Chemical  Analyses  of  the  Ores. 

The  typical  brown  limonites  or  bog-ores,  the  class  to  which  our 
east  Texas  ores  belong,  have  theoretically  the  composition  repre- 
sented by  2Fe203,3H20,  corresponding  to  ferric  oxide  85.6  (iron  60) 
and  water  14.4  per  cent.  Generally,  however,  these  ores  contain 
other  bases,  and  sometimes  silica,  manganese,  phosphoric,  sulphuric, 
and  arsenic  acids  and  organic  matter.* 

Many  of  the  ores  of  the  region  closely  approach  the  theoretical 
composition,  especially  those  occurring  in  the  northeastern  portion. 
Specimens  have  been  obtained  from  Cass  county,  ranging  in  metallic 
iron  from  55.38  to  59.99  per  cent.,  and  from  Marion  containing 
from  58.38  to  59.12  per  cent.,  and  one  gave  Dr.  Everhart  61.38  per 
cent.,  while  in  Morris  and  Upshur  the  ores  carry  metallic  iron  as 
high  as  56.14  to  59.48  per  cent. 

In  any  examinations  upon  which  estimates  of  the  value  of  an  ore- 
field  depend,  the  greatest  care  is  necessary  in  selecting  the  samples 
for  analyses.  Any  neglect  in  this  operation  may  be  the  primary 
cause  of  very  seriously  misleading  results.  In  the  examinations 
made  by  myself  and  associates  throughout  the  east  Texas  ore  regions, 
having  no  interests  to  serve,  we  took  the  greatest  care  to  obtain  speci- 
mens typical  of  the  average  ore  of  each  deposit.  Many  specimens 
were  obtained  from  each  field ;  these  were  again  averaged  in  the 
laboratory;  and  the  specimen  selected  for  analysis  was  considered  as 
fairly  representative  of  the  whole  deposit  from  which  it  was  taken. 
The  results  of  these  analyses  are  shown  in  Tables  I.  and  II. 
Table  III.  shows  the  results  of  analyses  of  ores  collected  by  other 
parties. 

*  Bauerman,  Metallurgy,  pp.  146, 147. 
vol.  xxiv.— 18 
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Average  of  21  sp.  Cass 

71.72 

0.117 

0.065 

10.67 

7.71 

0.237 

0.005 

9.51 

50.20 

"           10  sp.  Marion. 
One  of  these  contains...  •< 

75.52 

Ferr's) 

oxide  V 

2.6lJ 

0.081 

0.084 

9.05 

3.71 

0.39 

0.10 

10.37  54.89 

0.147 

Average  of  4  sp.  Upshur... 

66.82 

0.072 

0.093 

14.08 

6.15 

1.25 

Trace  11.07  46.76 

0.153 

"         5  sp.  Harrison 

68.30 

0.161 

0.056 

11.67 

7.41 

0.15 

Trace   6.62  17.81 

0.336 

"         4  so.  Panola.... 

71.33 

0.100 

0.366 

11.89 

5.44  Trace 

1  6.87  49.93 

0.200 

59.76 

0.305 

0.260 

18.59 

10.83 

0.36 

9.80  41.83 

0.729 
0.285 

68.91 

0.139 

0.154 

12.66 

6.91 

0.398 

0.017    9-04  4R_fiS 

Table  II. — Analyses  of  Laminated  Ores. 


6 

O 
0 

a> 

3 
u 
O 

a 

0 

3 
ft 
3 
CO 

CO 

R 

a 

3 

< 

6 

S 
i-1 

0 
a 

a 

0 
a' 

3 
O 
u 

0 

a    1 

c  1 

>  en 

'5)2 
c  ° 
§•§. 

s| 

-ft 

55.78 
65.63 

78.43 

0.183 
0.043 
0.124 
0.034 
0.226 
0.310 
0.227 
0.364 
0.189 
0.222 

0.115 
0.040 
0.008 
0.092 
Trace 
0.032 

16.29 
16.22 
6.02 
20.54 
15.27 
18.46 
30.82 
10.25 
10.59 
11.13 

13.63 
6.36 
4.37 
7.17 
9.53 
9.30 
9.72 
9.87 
9.64 
9.60 

0.42 
Trace 

13.46 

39.18 
45.94 
54.90 
44.57 
45.63 
42.34 
40.23 
49.19 
4;..  ST 
46.42 

0.464 
0.093* 
0.220 
0.076* 
0.495 
0.732 
0.564 
0.739 
0.412 
0.478 

'       7  sp.  Harrison  CO.. 

Trace 

11.46 
10.68 
7.52 
9.28 
10.48 
1.30 
8.26 
11.87 
12.17 

'       2  sp  Upshur  co  .     RH  R8 

1.15 

0.15 
0.24 

'       9  sp. Henderson  co 
'      22  sp.  Smith  co 

'       8sp.  Rusk  co 

'     12  sp.  Cherokee  co. 
'       6  sp.  Anderson  co. 

65.17 
60.49 
57.42 
70.29 
65.53 
66.31 

Trace 
Trace 

0.060 
0.063 
Trace 

0.02 

0.13 

Trace 

Trace 

0.108 
Trace 

Average  of  82  specimens..    64.87;  0.192 

0.041 

15.56 

8.92 

0.21 

O.OIO;    9.65 

45.43 

0.422 

*  Analyses  marked  thus  appear  to  be  within  the  Bessemer  limit  of  phosphorus. 

These  tables  show  the  general  character  of  the  ores  from  the  whole 
region,  and  probably  may  be  regarded  as  setting  limits  above  winch 
the  ratios  of  phosphorus,  sulphur,  and  silica  may  not  be  legitimately 
expected  to  go,  and  below  which  we  may  reasonably  infer  the  per- 
centage of  metallic  iron  will  not  fall ;  yet  they  contain  the  analyses 
of  many  specimens,  some  of  them  above  the  average  in  impurities, 
obtained  from  deposits  which,  from  the  small  ness  of  their  areas,  as 
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Table  III. — Analyses  of  Iron- Ores  Collected  from  East  Texas,  not 
Included  in  Tables  I.  and  II. 


Locality. 


'~ 


j  NashFur'ce 
g     Marion  co.  79 

Marion  co.  gy 


o  3   I 

o 
4*  I 


Rusk  co. 
Cherokee  co. 


Average. 


60 
I 
69!  0.04 

06    0.19 

I 
77  tr'ce 


50  0.153 
210.069 
52  0.062 
04  0.315 
00  0.284 
520.062 
00  0.284 

22  0.135 

I 


0.02 
0.23 
0.53 


j. 


Average  of28sam- 
ples  collected  by 
Dr.Penrose  over  65.5010.025 
the  whole  area,  I 


8.79 

17.53 

0.038  20.36 

0.01  23.84 

0.027,16.62 

0.03820.36 

I 
0.027  16.62 


8.12 

I 
6.83' 

6.83  

5.45    5.40 

'  1.04 


0.11  14.08 


0.65   0.43 


11.45 


9.44 


12.27 


55 

61. 

57 

12.04  53. 
13.39  50 
46 


Analysts. 


72  Dr.  Riddell. 

38  Dr.  Everhart. 

441 

04  Chauvenet  &  Blair. 


Dr.  Riddell. 
J.  Birkinbine— 1885. 


13.09 

15.25 

15.76 

13.71 

14.25 

13. 71 j 48 

13.76:49 


25 

55 

65 

17 

63 

31 

■17  Regis  Chauvenet  &  Co. 

.31 

.85   100  iron  gives  0.271  of 
phosphorus. 


0 .  70   4 .  98   9 .  37  45 .  85     100  iron  gives  0.55  of 
phosphorus. 


well  as  the  siliceous  nature  of  the  contained  ores,  can  scarcely  be  con- 
sidered as  available  material  for  blast-furnace  purposes. 

An  analysis  of  these  tables  shows  the  ores  to  have  the  following 
composition,  which,  it  may  be  remarked,  compares  favorably  with 
that  of  the  ores  from  the  other  Southern  States  : 


1.  Nodular  Ores. 

2.  Laminated  Ores. 

52.77 
0.097 
0.148 
9.73 
0.183 

45.84 
0.114 
0.076 

14  91 

0.248 

Sulphur 

Silica 

Phosphorus  ratio... 

In  Tables  IV.  and  V.  the  analyses  of  what  may  be  regarded  as 
typical  specimens  of  the  available  ore-deposits  of  the  various  coun- 
ties mostly  embraced  in  this  paper  are  shown  : 
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Table  IV.  —  Analyses  of  Nodular  Ores  Found  in  Cass,  Marion, 
Upshur  and  Harrison  Counties. 


Cass  County. 


No. 


Locality. 


1  L.  Mornen,  headright. 

2  P.  M.  Keeton      " 

3  Hudson  " 

4  Berry  Crawford  mine.. 

5  A.  Duncan,  headright. 

6  J.  Horton,  " 

7  8  miles  N.E.  of  Linden 

8  jH.  Cunningham 

9  R.  M.  Hadfield 

10  W.  R.  Gilley 

11  S.  Burnham 


80.85  Trace 

74.60  0.139 

77.61  0.139 
73.97  Trace 

85.70!  0.109 
77.56   0.139 


67.41 


0.056 


70.83  Trace 

I 
79.32  Trace 

70.83   0.095 

I 
81.36    0.139 


Trace 
0.040 

Trace 
0.044 
0.200 
0.068 
0.100 
0.096 
0.510 

Trace 
0.102 


5.85 
9.00 
7.60 

14.60 
0.40 
9.00 
7.20 

17.20 
6.20 

13.80 
3.00 


3  < 


2      x 

30 


Trace 

0.21 

Trace 


0.51 

Trace 

Trace 

Trace 

0.20 

0.82 


Trace 
0.00 


60  56.59 
30  52.22 
.85  54.32 

61  51.78 


0.032  10 
Trace'  8 
Trace  9 
Trace  12 
9.601  56.92 


59.99 
54.29 
47.12 
49.58 
55.52 
49.58 


"5  S 


Trace 
0.266 
0.257 
Tree* 
0.182t 
0.257 
0.118 
Trace 
Trace 
0.191 
0.244 


*  Supplies  Lone-Star  Furnace.  t  Supplied  Sulphur-Fork  Furnace. 

Marion  County. 


D.  Richardson,  hdt. 

Lilly,  headright 

Nash  Furnace  

J.  Johnson,  hdt 


16   J.  W.  Duncan,  9  miles) 
north  of  Jefferson. 

J.  A.  McKinney,  8  m 
north  of  Jefferson. 

Barnes,  4  m.  N.W.   of 
Lassater. 

2  miles  S.  W.  of  do 


Lassater  Hill . 


79.06 

Trace 

Trace 

76.42 

0.095 

0.244 

76.34 

0.095 

0.040 

83.40 

0.091 

Trace 

|  65.79 

Trace 

Trace 

60.44 

Trace 

Trace 

84.46 

0.083 

0.068 

84.15 

0.083 

0.044 

69.75 

0.398 

.6.04 
3.10 
4.24 
1.30 
0.93 


0.69  1.50 
6.20  1.13 
6.86 

2.41' .... 


19.96  Trace 


6.77!  19.56 

2.90  Trace 

I 
1.22     2.05 

6.97     8.70 

I 


Trace 


0.94 


0.235 


55.34iTrace 
55.52  0.171J 


53.43 

58.38 


0.177 
0.155 


46.05  Trace 
42.30  Trace 
59.12  U.140 
58.90|  0.140 
48. 83  Trace 


J  2.61  FeO. 
Upshur  County. 


21  3  m.  S.E.ofCoffeeville.. 

22  [Butler  Survey,  N.E.  of 
I    Upshur. 

23  :2m.S.W.ofCoffeeville.. 


80.78  0.166'  0.00S 
65.79,Tracei  0.144 
71.78  Trace   0.122 


4.30 
18.77 
14.10 


2.22 
8.31 
2.82 


0.88 
2.30 


10.47 
5.05 
11.10 


56.54  0.293 
46.05  Trace 
50.24  Trace 


Harrison  County. 


J.  Johnson.. 
Dan.  Davis.. 
J.  Johnson . 


72.40 

0.083 

0.060 

14.50 

5.80 

72.40 

0.418 

0.030 

11.30 

6.80 

73.03 

0.139 

0.053 

9.80 

8.17 

0.60 


Trace 


6.30 
8.21 
8.20 


50.68]  0.163 
50.68  0.836 
51.12   0.271 
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Table  V. — Analyses  of  Laminated   Ores  from  Morris,  Harrison, 
Henderson,  Anderson,  Cherokee,  and  Rusk  Counties. 


Morris  County. 


Locality. 


H.  Proctor,  headright. 


J.  W.  Duncan 

J.  N.  Gray 
Leander  Kidd 
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80.20 

Trace 

Trace 

4.20 

76.26 

" 

" 

5.20 

84.98 

" 

0.034 

7.40 

81.60 

0.139 

Trace 

6.10 

76.54 

0.209 

Trace 

6.90 

74.30 

0.139 

" 

13.10 

< 


3.10  Trace 

6.84 

1.42 

1.20 

3.06 

5.10 


SPS 


12.50 
11.60 

6.00 
10.80 
13.00 

7.08 


56.14 
53.38 
59.48 
57.12 
53.58 
52.01 


>  CO 

'Si  g 

-  O 

5  A 

l-H  CO 

o  S 

S  £ 


Trace 


0.225 
0.390 
0.267 


Harrison  County. 


J.  Decker,  headright... 
Marshall  Water-works 

E.  Tally,  headright 

Hynson  Springs 


6  m.  N.W.  of  Marshall;  64.03 


63.95 
64.90 
61.22 
61.34 
64.03 

0.052 
0.030 
Trace 

0.152 

0.044 
Trace 
Trace 
0.100 
0.128 

13.40 
26.70 
15.15 
11.85 

16.70 

8.30  Trace 

14.20 

7.81 
13.50 
10.40 

7.90 

0.70 
10.18 

" 

16.26 

10.77 

Trace 

44.77    0.116 

45.43    0.066 

I 
42.85  Trace 

42.93'     " 

44.82    0.339 


Henderson  County. 


2  miles  W.  of  Fincastle 

Brownsboro 

Pilot  Hill 

A.H.Caldwell 


80.45 
73.60 
69.90 
63.02 


Trace 


0.152 
0.222 


Trace 


4.30 
10.06 
10.40 
14.30 


3.15  Trace 
9.89 
10.90 
9.58 


8.15 
6.75 
8.15 
12.50 


48.93 
51.52 
48.93 
44.11 


Trace 


0.310 
0.503 


Anderson  County. 


Fosterville 

N.  of  Nechesville 

8  m.  S.E.  of  Palestine.. 

South  of  Palestine , 

North  of  Palestine 


68.80 
67.84 
64.32 
60.17 
69.50 

0.052 
Trace 

0.340 

13.36 

9.64 

8.70 

15.95 

11.35 

1 
3.40  Trace 

Trace 

13.70 
14.69 
14.10 
6.60 
10.50 

48.16 
46.76 
45.02 
42.11 
48.65 

8.16 
13.18 
17.03 

8.00 

Trace 

Trace 
0.45 

Trace 

0.29 

Trace 

Trace 


0.69S 


Cherokee  County. 


lm.  N.W.  State  Fur- 
nace. 
5  m.  W.  of  Jacksonv'le 

2  m.  N.  of  Rusk 


Mount  Selman. 


63.84 
65.32 
70.79 
75.94 
73.04 


0.039,  0.040 

0.265  Trace 

0.152   0.092 

0.030   0.040 

I 
0.554  


18.90 
9.90 
9.50 
2.20 
8.25 


5.76 
10.08 

6.01 
10.46 

3.66 


0.18 

0.50 

Trace 


11.03 

Trace'  13.70 
13.20 


11.30 


44.68 
45.72 
49.55 
53.15 


13.80    51.12 


0.0S7 
0.579 
0.306 
0.056 
1.083 
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Table  V. — (continue 
Rusk  County. 

d). 
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So 
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§  -a 

—      VI 

2  m.  E.  of  Henderson.. 
Iron  Jit ,  Gould 

o.nsfi 

15.10 
7.45 
6.00 

6.67 
5.01 
6.74 

Trace 

3.20 
13.50 
6.20 

48.67 
50.28 
54.78 

Tree* 
0.210 
0.3S1 

0.106    0.422 

I 
0.209    0.024 

"        Glenfawn 

* 

5.60  MnO. 

These  analyses  have  all  been  made  from  the  raw  ores  as  brought 
from  the  field,  and  an  examination  of  the  tables  shows  the  ores  to 
carry  a  low  percentage  of  silica.  With  the  exception  of  three  coun- 
ties (Upshur,  nodular  ore,  12.39;  Harrison,  nodular  ore,  11.86; 
laminated  ore,  16.76  ;  and  Anderson,  laminated  ore,  11.80),  the 
averages  all  range  under  10  per  cent,  iu  silica. 

In  sulphur  and  phosphorus  these  ores  also  show  low  percentages, 
the  highest  of  sulphur  being  0.182  in  Upshur  and  0.161  in  Rusk 
county  ores.  Regarding  the  phosphorus,  it  will  be  noticed  that  these 
ores  average  very  low,  and  many  of  the  individual  specimens  range 
well  within  the  Bessemer  limit.  It  also  appears  that  the  average  of 
the  total  analyses  of  the  Marion  county  ores  is  within  that  limit.  In 
confirmation  of  the  correctness  of  these  analyses,  Messrs.  John  A. 
Kruse  &  Co.,  the  proprietors  of  the  Lone-Star  Iron  Company,  write 
under  date  of  February  24,  1893  :  "  Almost  all  of  our  iron  is  within 
the  Bessemer  limit.  We  have  a  great  number  of  analyses  made  from 
the  ores  on  different  tracts,  in  which  all  numbers  were  away  within 
the  Bessemer  limit  for  phosphorus.  The  iron  is  neither  cold-  nor 
hot-short,  but  is  almost  a  strictly  neutral  iron."  This  refers  to  the 
ores  of  Cass  and  Marion  counties;  the  region  in  which  the  Lone-Star 
furnace  is  situated.  With  reference  to  the  laminated  ores,  Mr.  Bar- 
rett, late  manager  of  State  furnace,  and  now  manager  of  the  Chero- 
kee Iron  Manufacturing  Company,  at  Rusk,  writes:  "All  our  solid 
brown  ore  is  practically  free  from  phosphorus." 

It  will  also  be  observed  that  there  is  a  general  absence  of  titanium 
from  these  ores. 

The  average  percentage  of  metallic  iron  in  these  ores  ranges  from 
44.20,  laminated  ore,  in  Harrison  to  55.28  in  Morris  county,  while 
of  the  ten  groups  represented  one  exceeds  55;  two,  53;  one,  51; 
two,  50;  and  the  other  four  range  from  44  to  48.84. 
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The  best  tests  of  any  ores,  however,  are  the  products.  The  char- 
acter of  the  metal  furnished  by  the  east  Texas  ores  is  shown  in 
Table  VI : 

Table  VI. — Analyses  of  Pig-iron  made  from  East  Texas  Iron  ores. 

Average  of  8  analyses  of  iron  made  from  nodular  ores.     (Supplied  by 
the  Lone-Star  Iron  Company,  Jefferson,  Texa3.) 


Graphitic  carbon. 
Combined  carbon 

Silicon , 

Sulphur 

Phosphorus 

Manganese 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

3.86 

3.64 

3.49 

3.04 

2.594 

0.76 

0.44 

0.76 

1.09 

1.421 

3.197 

2.148 

1.881 

1.091 

0.602 

0.008 

0.002 

0.001 

0.024 

0.049 

0.058 

0.108 

0.117 

0.161 

0.151 

0.208 

0.345 

0.215 

0.342 

0.117 

NoTE.-The  phospho- 
rus shown  in  No.  4  is 
the  highest  shown  by 
any  analysis. 


Two  analyses  made  by  the  analyst  of  the  National  Tube  Works 
Company,  from  a  car-load  lot  sent  to  that  company  by  the  Lone-Star 
Iron  Company,  show : 


No.  1. 

No.  2. 

3.50 

0.45 

3.15 

0.021 

0.019 

0.44 

3.40 

0.50 

2.25 

0.025 

0.017 

0.45 

The  analyses  of  the  pig-iron  made  from  the  laminated  ores,  as 
shown  by  the  work  at  the  State  furnace  at  Rusk,  are : 


No.  1. 

No.  2. 

No.  3. 

Notdet. 

2.250 

0.005 

0.477 

Not  det. 

1.59 

0.51 

1.90 

0.014 

0.590 

1.68 

0.12 

1.75 

0.007 

0.512 

Note.— No.  2  is 
of  No.  1  grade  of 
pig-iron. 

No.  3  is  of  No. 

2  grade   of  pig- 
iron. 
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Tests  of  the  tensile  and  transverse  strengths  of  the  cast-iron  made 
at  the  Lone-Star  furnace  have  been  made  by  Messrs.  Robert  W. 
Hunt  &  Co.,  of  Chicago,  and  show  the  following  results : 

1 .   Tensile  Strength. 

Samples  marked.  No.  1.       No.  2.        No.  3.       No.  4.       No.  5. 

Ultimate  strength  in  pounds 

per  square  inch,       .        .     19,529     22,441     19,143     22,038     26,931 
Remarks — Broke  in  wedges. 

2.  Transverse  Strength. 

Samples  marked.                   No.  1.             No.  2.             No.  3.  No.  5. 

Ultimate  strength  in  pounds,     21,350          25,400          25,430  27,950 

Remarks — Transverse  test  made  on  pieces  If  inches  square.  Supports, 
18  inches  apart. 

No  tests  of  the  State  furnace  products  have  been  made. 

Comparative  analyses  of  the  Texas  iron-ores  with  those  of  the 
other  Southern  States,  Alabama,  Tennessee,  Kentucky,  and  Georgia? 
give  us  results  by  no  means  unfavorable  to  the  Texas  article.  Ar- 
kansas and  Louisiana  are  not  included  in  this  comparison  chiefly 
because  the  Arkansas  ores  do  not  prove  commercially  useful,  and 
nothing  practical  is  known  regarding  those  of  Louisiana.  In  Table 
VII.  I  have  shown  the  complete  analyses  of  typical  specimens  of 
the  limonites  found  in  the  several  states,  and  have  for  further  com- 
parison added  a  typical  Swedish  limonite  and  a  Canadian  bog-ore. 
These  ores  are  all  of  other  ages  than  the  Texas  ores,  and,  with  the 
exception  of  the  Swedish  and  Canadian,  of  no  later  date  than  the 
Subcarboniferous. 

In  Table  VIII.,  compiled  from  the  Tenth  Census  for  all  except 
the  Texas  ores  (the  authority  for  which  is  the  analyses  made  by  the 
chemists  of  the  geological  survey  of  the  State),  the  comparative 
values  of  metallic  iron  contained,  phosphorus,  and  phosphorus  ratios 
of  the  ores  of  the  States  represented  are  shown,  while  Table  IX. 
shows  the  composition  of  the  resultant  pig-iron.  To  this  table  has 
also  been  added  for  comparison  the  analysis  of  standard  No.  1  pig- 
iron  of  the  Thomas  Iron  Company,  and  three  analyses  of  iron 
classed  as  comparatively  free  from  phosphorus.  Table  X.  shows 
the  average  yield  of  iron  from  the  furnace-returns  of  the  Southern 
States  and  the  general  character  of  the  ores  used  (from  the  Eleventh 
Census,  vol.  i.). 
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Table  VII. — Analyses  of  Limonites  from  Alabama,  Tennessee, 
Kentucky,   Georgia,  Sweden,  Canada  and  Texas. 


Constituent. 

.  a 

03  O 

as 

03     . 
Ha 

aj  3 

0)  w 

Ho 

u  a 

Sra 
o  <o 
oj  — 
OK 

Flatur, 

Sweden. 

Svansberg. 

Lac-a-la 
Tortue, 
Canada. 
Griffin.* 

Texas. 

Nodu- 
lar* 

Lamin- 
ated.* 

79.93 

72.28 
0.36 
2.83 

12.76 
0.31 
0.42 
0.17 
0.04 

0.543 

53.93 
4.93 
1.26 

14.37 
9.36 
1.03 
0.52 
0.02 

0.290 

81.26 

67.59 

70.04 

73.97 

75.94 

0.92 
6.04 
1.43 
0.07 
Trace 

0.43 
5.79 
1.12 
0.12 

1.45 
7.81 
4.18 
0.47 
0.23 

1.78 
7.84 
2.20 
0.32 
0.27 
0.23 
0.76 

14.60 

4.63 

Trace 

2.20 
10.46 
Trace 

S.0.01 
P.  0.05 

S.  0.044 
Trace 

S.  0.040 
P.  0.030 

P.  .0.46 

0.18 

10.49 

10.406 

14.402 

11.45 

17.81 

16.84 

6.61 

11.30 

99.33 
56.10 

100.119 

S.  0.069 

50.91 

100.112 

8.  0.227 

40.61 

100.23 
56.88 

99.72 
47.32 

100,28 

S.  0.092 

49.03 

99.854 
51.78 

99.97 
53.15 

*  See  Analyses  of  Pig-iron  made  from  these  ores,  in  Table  IX. 

Table   VIII. — Comparative    Partial  Analyses,  Showing   Metallic 

Iron,  Phosphorus,  and  Phosphorus  Ratio  of  Iron-ores 

from  Soidhern  States. 


State 


Alabama 

Tennessee 

Georgia 

Kentucky 

Texas  nodular.... 
Texas  laminated 


No.  of 
Specim'n 


Metallic 
Iron. 


77 
148 
47 
34 
53 
82 


48.88 
51.25 
52.00 
39.79 
52.77 
45.84 


Phos- 
phorus. 


0.329 
0.441 
0.546 
0.439 
0.093 
0.114 


Phos. 
Ratio. 


0.693 
0.860 
1.050 
1.103 
0.183 
0.248 


Authority. 


10th  Census,  vol.XV. 


Geol.  Survey  of  State. 


From  these  tables  it  will  be  seen  that  in  point  of  quality  the 
Georgia  ores  show  the  highest  proportion  of  metallic  iron,  while 
the  Texas  ores  stand  between  those  of  Alabama  and  Tennessee  in 
point  of  richness,  containing  from  one  to  three  per  cent,  more  metal 
than  the  Tennessee  ores,  and  from  two  to  thirteen  per  cent,  more 
than  Kentucky,  Sweden  and  Canada,  where  special  average  analyses 
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are  taken.  When  a  comparison  is  made  of  the  whole  of  the  ore 
regions  of  the  five  southern  states,  including  Texas,  the  Texas 
nodular  ores  show  higher  metallic  contents  than  even  Georgia, 
while  her  laminated  ores  stand  between  Kentucky  (39.79)  and  Ala- 
bama (48.88),  and  show  a  percentage  of  45.84. 

With  regard  to  the  purity  of  these  ores,  the  Texas  nodular  ores 
show  a  greater  percentage  of  silica  than  any  of  the  other  States 
although  but  slightly  higher  than  those  from  Kentucky,  while  in 
the  laminated  ores  this  impurity  is  less  than  half  the  percentage 
(5.79)  shown  in  the  Georgia  ores,  the  next  lowest  in  the  group, 
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Table  X. — Furnace  Returns,  Showing  Average  Yield  of  Iron  in 

Different  Southern  States. 
(  From  Eleventh  Census.) 


State. 

Average  yield 
o  Iron. 

Character  of  Ores  used. 

1 

2 

3 
4 
5 
6 

7 
8 
9 
10 

11 
12 
13 

44.4 
40.7 

46.2 
41.0 
47.7 
56.4 

41.6 
38.8 
45.8 
43.4 

48.6 
43.3 

41.4 

70  per  cent,  red  hematite. 

0.5  red  hematite  ;    0.3  brown  hematite,  and  0.2 
magnetite  and  mill-cinder. 

Roasted  carbonate  and  brown  hematite. 

Local  and  Virginia  ores. 

Cuba  and  Mediterranean  ores. 

Principally  red  hematite,  with  small  admixture 
of  brown  hematite. 

Local  ores,  with  additions  from  Alabama  and  Ga. 

Where  brown  hematites  only  are  used. 

Brown  hematites  (bog-ores)  when  roasted. 

90  per  cent,  brown  hematite  ;  balance,  local  red 
hematites,  magnetites  from  N.  Carolina,  and  a 
small  amount  of  mill-cinder. 

>    Brown  hematites  only. 
J 

Georgia  and  North 
Carolina. 

<( 

*  In  a  letter  from  Mr.  D.  T.  Jones,  Superintendent  of  the  State  Furnace  at  Rusk,  received  a 
few  days  ago,  he  says  the  average  iron  obtained  from  the  furnace  is  from  48  to  53  per  cent. 
(Dec.  22, 1893.) 

Table  VII.  Of  sulphur,  both  of  the  Texas  classes  show  very 
small  quantities,  being  bettered  only  in  this  respect  by  the  Swedish, 
Alabama  and  Georgia  ores,  as  shown  in  Table  VII.  The  phos- 
phorus, as  shown  in  the  same  table,  places  both  of  the  Texas  speci- 
mens in  the  first  place  as  regards  freedom  from  this  impurity,  a 
condition  which  holds  good  when  the  phosphorus  contents  and  phos- 
phorus ratios  of  the  whole  regions  are  considered  as  shown  in  Table 
VIII.  Indeed,  as  a  matter  of  fact,  Alabama,  with  the  next  ores  in 
purity  in  this  respect,  has  a  phosphorus  ratio  almost  three  times  as 
great  as  the  highest  ratio  shown  by  the  Texas  ores. 

From  Tables  IX.  and  X.,  it  will  be  seen  that  the  average  yield  of 
pig-iron  from  the  Texas  ores  ranks  fifth  in  the  list  of  States  shown 
in  Table  X.,  giving  seven  per  cent,  more  than  the  Tennessee  brown 
hematites;  and  while  these  ores  fall  below  the  yield  of  the  Virginia 
ores  in  one  instance,  in  three  other  localities  the  Texas  ores  exceed 
the  Virginia  yield. 

In  purity  the  pig-iron  produced  from  the  Texas  ores  also  ranks 
high,  and  in  freedom  from  sulphur  and  phosphorus  takes  a  position 
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even  higher  than  the  typical  irons  classed  as  comparatively  free  from 
these  impurities,  shown  in  Table  IX. 

Altogether  the  Texas  ores  may  be  classed  as  having  fair  average 
metallic  contents,  a  medium  admixture  of  silica  and  low  percentages 
of  both  sulphur  and  phosphorus,  as  yielding  rather  above  the  aver- 
age, for  their  grade,  in  the  furnace,  and  as  producing  a  very  high 
grade  of  perfectly  neutral  iron,  much  of  which  is  well  within  the 
limits  of  the  requirements  of  Bessemer  iron. 

"With  these  qualities  we  have  also  the  additional  and  probably 
most  essential  one  at  the  present  time,  that  the  ores  are  easily  mined 
and  can  therefore  be  obtained  at  a  low  cost. 

Methods  and  Cost  of  Mining  and  Production. 

There  are  no  real  difficulties  in  the  way  of  mining  the  east  Texas 
ores  anywhere.  This  can  be  done  altogether  by  open  working,  and 
the  conditions  under  which  the  ores  are  found  facilitate  in  every  pos- 
sible way  the  winning  of  them.  In  every  field  throughout  the 
country  the  ores  best  developed  and  of  the  highest  grade  are  invari- 
ably found  as  surface  deposits,  or  lying  at  no  great  depth,  beneath  a 
covering  of  soft  brown  or  brownish-gray  sand.  Wherever  necessary, 
this  sand  can  be  moved  readily  and  at  a  trifling  cost.  No  skilled 
labor  is  required  ;  and  the  ore  can  be  obtained  by  any  ordinary  class 
of  laborers  at  wages  averaging  about  one  dollar  per  day,  and  with 
no  other  implements  than  an  ordinary  pick  and  strong  shovel. 

In  the  case  of  the  laminated  ores,  the  overlying  sand  is  removed 
with  scrapers  and  the  exposed  ore-bed  is  broken  up  with  picks.  It 
is  piled  into  heaps,  roasted  and  then  carried  to  the  furnace. 

In  the  neighborhood  of  Rusk  and  New  Birmingham  there  are 
three  companies  practising  this  method  of  mining.  The  mines  lie 
from  a  mile  to  a  mile  and  a  half  from  the  furnaces  to  which  they 
belong.  In  the  case  of  two  of  the  works,  the  ore  is  transported  by 
tramway,  and  in  the  third  by  wagon. 

In  the  northeastern  portion  of  the  ore-regions,  where  the  ore  is 
almost  altogether  nodular,  and  the  masses  of  ore  lie  among  loose 
sand  in  many  cases  without  any  covering  at  all,  the  extra  expense  of 
moving  the  surface  material  is  to  a  great  extent  saved,  and  a  much 
greater  quantity  of  ore  can  be  obtained  within  the  same  limits  of 
time.  In  the  case  of  these  ores,  however,  some  of  the  blocks  or 
concretions  are  of  such  size  that  they  require  to  be  broken  before 
roasting,  but  probably  eighty  per  cent,  of  the  ore  exists  in  such 
size  as  to  be  easily  handled. 
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The  only  furnace  at  present  using  these  ores  is  the  Lone-Star, 
at  Jefferson,  and  the  necessary  transportation  is  all  carried  on  by 
rail,  the  ore  being  brought  for  several  miles. 

In  the  present  furnace-practice  none  of  these  ores  are  washed  ;  nor 
do  the  furnace  men  consider  such  operation  necessary.  By  this 
alone  a  considerable  saving  is  made  in  the  cost  of  production,  as 
compared  with  other  Southern  states.  The  average  cost  of  produc- 
ing these  ores,  according  to  the  Eleventh  Census,  is  about  $1.05  per 
ton  when  roasted.  This  I  think  is  a  little  too  high.  It  should  only 
reach  this  figure  in  very  extreme  cases  and  should  not  under  the 
present  condition  go  over  95  cents  or  $1. 

The  average  cost  of  producing  pig-iron  in  the  South  as  calculated 
by  Mr.  Carroll  D.  Wright  from  the  returns  of  24  furnaces  appears  to 
be  $10,755,  which  he  divides  as  follows  : 

Ore  and  cinders,     .........     $3,482 

Fuel  (coke  and  coal), 4.462 

Limestone, 0.470 

Total  for  materials, $8,414 

Labor $1,524 

Officials  and  clerks, 0.164 

Supplies  and  repairs, .614 

Taxes, 039       2.341 

$10,755 

The  cost  of  manufacturing  pig-iron  in  east  Texas  appears  to  be  : 

2£  tons  of  ore  at  $1.05, $2.36 

110  bus.  charcoal  at  6  cents, 6.60 

T5T  tons  limestone  at  $1.50, 0.75 

Cost  of  materials, $9.71 

Labor  and  salaries, $1.50 

Interest, 0.30 

Repairs  and  incidentals, 0.50       2.30 

Total  cost, $12.01 

This  is  $1,255  per  ton  more  than  the  average  cost  given  by  Mr. 
Wright.  The  difference  in  the  cost  of  production  is  altogether  due 
to  the  higher  cost  of  fuel  and  limestone  but  is  more  than  compen- 
sated by  the  higher  prices  obtainable  for  the  grades  made. 

These  figures  are  based  upon  the  estimated  cost  at  the  State  fur- 
nace and  two  others,  but  will  of  course  vary  in  other  instances  ac- 
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cording  to  location  of  furnace,  cost  of  transportation,  fuel,  etc.,  all 
of  which  will  have  to  be  considered  separately  in  locating  a  fur- 
nace. 

Fuel. 

With  the  existence  of  iron-ore  in  abundance  our  attention  natur- 
ally turns  to  the  next  most  essential  requirement  in  furnace  opera- 
tions, viz :  the  question  of  obtaining  suitable  fuel  in  adequate 
quantity  for  smelting. 

Within  the  area  occupied  by  these  iron-ores  we  have  no  mineral 
fuel  that  may  be  said  to  be  adapted  for  the  use  of  blast-furnaces  as 
now  constructed.  Extensive  deposits  of  lignite  occur  within  close 
proximity  to  some  of  the  heaviest  ore-deposits,  but  this  class  of  fuel, 
however  useful  it  may  be  for  many  purposes,  has  not  yet  been 
demonstrated  to  be  suitable  for  the  operations  of  an  iron-furnace. 

Throughout  some  portions  of  northern  Texas  there  are  consider- 
able areas  occupied  by  beds  of  bituminous  coal.  These,  however, 
lie  at  points  far  removed  from  the  ore-fields  and  have  no  adequate 
transportation-facilities ;  so  that  their  use  may  be  considered  im- 
practicable. Besides,  with  these  coals  the  seams  are  generally  small, 
thereby  increasing  the  cost  of  production,  and  judging  from  the  few 
analyses  made,  their  sulphur  contents  are  too  high  to  be  safe.  Look- 
ing at  the  question  of  the  utilization  of  these  coals  from  every 
point  of  view  presented  by  our  present  knowledge  of  their  con- 
ditions, they  may  be  considered  unavailable. 

The  most,  and  indeed  the  only,  available  fuel  within  the  ore-areas 
is  charcoal.  Notwithstanding  the  reckless  destruction  and  in  many 
instances  absolute  waste  of  timber  which  has  been  carried  on  for 
many  years  throughout  the  area  by  the  excessive  number  of  saw- 
mills, the  operations  of  railway-tie  contractors,  fires,  cattle  and  the 
habit  many  farmers  have  of  girdling  the  standing  timber  in  order 
to  destroy  it  on  land  to  be  cleared  for  cultivation,  and  afterwards 
piling  the  dead  trees  in  heaps  and  burning  them,  the  country  east 
of  the  Brazos  river  may  be  said  to  be  still  heavily  timbered  with 
pine,  various  classes  of  oak,  walnut,  gum,  hickory  and  trees  of 
smaller  growth.  Extensive  forests  also  occur  in  the  portions  of 
Arkansas  and  Louisiana  adjoining  Texas  which  may  be  considered, 
or  may  be  made,  tributary  to  the  iron  industries. 

A  recent  writer,  Mr.  R.  E.  Kelley,  one  of  the  best  authorities  on 
Texas  timber,  estimates  that  there  are  about  25,000,000  acres  of 
timbered  land  within  the  State,  the  greater  portion  of  which  is  dis- 
tributed among  the  forty  counties  lying  east  of  the  Brazos  or  within 
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the  area  of  east  Texas.  Of  these,  twelve  are  within  the  immediate 
ore-districts,  while  most  of  the  others  lie  within  available  distances. 
It  is  true  that  many  of  these  counties  are  denuded,  or  partially  so, 
of  their  pine;  but  the  immense  acreage  of  hard  wood  has  as  yet 
hardly  been  touched. 

While  the  chief  sources  of  the  destruction  of  the  timber  are,  as 
already  stated,  the  numerous  sawmills,  large  and  small,  scattered 
throughout  the  country  (the  extent  of  this  destruction  can  readily  be 
understood  when  it  is  stated  that  these  mills  have  a  total  daily  ca- 
pacity of  4,367,000  feet  of  lumber),  and  the  recklessly  extrav- 
gant  manner  in  which  the  contractors  for  railroad-ties  execute  their 
work,  much  of  the  loss  might  be  avoided  by  the  utilization  of  the 
waste  products  derived  from  both  sources.  It  may  be  computed 
that,  among  the  sawmills  alone,  something  like  1200  cords,  or  an 
equivalent  of  48,000  to  50,000  bushels  of  charcoal,  are  daily  de- 
stroyed by  fire  at  the  mills  in  the  form  of  waste,  and  this  without 
considering  the  enormous  loss  in  the  form  of  trunks,  tops  and  limbs 
left  in  the  wood,  of  which  no  reliable  estimate  can  be  made;  and 
while  there  are  no  means  of  determining  the  loss  entailed  by  the  tie- 
cutting  interest,  there  can  be  no  doubt  that  it  amounts  to  a  very 
large  aggregate,  all  of  which  might  be  utilized  for  charcoal  purposes, 
and  a  proper  method  of  saving  the  by-products  might  largely  de- 
crease the  cost  of  manufacture  of  the  coal. 

The  climate  of  this  portion  of  the  State  is  in  every  way  adapted 
to  forest-growth.  The  general  humidity  and  warm  temperature  are 
greatly  in  favor  of  the  rapid  growth  of  timber;  and,  as  a  general 
thing,  the  denuded  portions  of  the  country  can,  with  a  little  care  and 
attention,  be  rapidly  covered  with  a  dense  growth  of  pine,  so  that 
these  portions  will  offer  a  fresh  supply  of  fuel  every  fifteen  or  twenty 
years. 

The  present  destructive  methods  of  dealing  with  these  forests  are 
rapidly  exhausting  the  timber-resources  of  this  portion  of  the  State, 
and  unless  checked  by  some  judicious  legislation  in  the  form  of  for- 
estry laws,  the  whole  of  East  Texas  will,  in  a  few  years,  be  entirely 
devoid  of  timber. 

The  best  estimate  of  the  quantity  of  wood  existing  on  the  timbered 
areas  gives  about  30  to  35  cords  per  acre,  or  an  equivalent  of  1400 
bushels  of  charcoal.  This  would  be  equivalent  to  using  the  wood 
from  4|  acres  in  the  daily  operations  of  a  50-ton  furnace. 

Everything  considered,  it  may  safely  be  assumed  that,  with  ordi- 
nary care,  in  the  management  of  the  forest-portions  of  the  country, 
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and  a  due  regard  to  economy  in  the  preparation  and  use  of  the  fuel, 
there  is  sufficient  fuel-material  within  and  adjoining  the  ore-fields  to 
successfully  operate  enough  furnaces  to  utilize  the  whole  of  the  ores. 

Flux  and  Markets. 

While  it  may  be  accepted  as  settled  that  no  very  great  difficulties 
may  be  encountered  in  the  successful  working  of  the  east  Texas 
iron-ores,  either  with  regard  to  the  ores  themselves,  either  as  to  their 
quantity  or  purity,  or  the  fuel-supply,  yet  their  manufacture  is  not 
unattended  with  serious  difficulties.  In  the  first  place,  we  have  no 
fluxing  material  within  the  ore-regions.  Limestone  occurs  at  several 
points  within  the  Tertiary  areas,  but  it  is  generally  too  siliceous  to  be 
of  use ;  and  the  nearest  limestone  of  sufficient  purity  occurs  within 
the  Cretaceous  belt,  requiring  a  haulage  of  between  75  and  150  miles. 
Again,  it  may  be  truly  said  that  we  have  no  local  markets  in  which 
to  place  the  products  of  the  furnace.  It  is  true,  we  have  two  car- 
wheel  establishments,  a  number  of  machine-shops,  and  several  small 
foundries  throughout  the  State ;  but  the  amount  of  pig-iron  required 
by  these  establishments  is  small.  A  paucity  of  railroads  through 
the  ore-fields,  and  discrimination  in  the  rates  of  those  already  there, 
have  also  a  detrimental  effect  upon  the  successful  working  of  our 
ores. 


THE  MANTJFACTTJBE  OF  OPEN-HEARTH  STEEL  IN 
SWEDEN. 

BY  ERIK  G:SON   ODELSTJERNA,   ENGINEER  OF  THE   JERN-KONTORET, 
FILIPSTAD,    SWEDEN.* 

(Virginia  Beach  Meeting,  February,  1894.) 

Although  the  Swedes  have  not  taken  as  prominent  a  position  in 
the  open-hearth  as  in  the  Bessemer  industry,  the  successful  develop- 
ment of  which  in  Sweden  has  been  described  by  Prof.  Akermau,  in  a 
paper  read  before  the  Institute,!  nevertheless  our  work  with  the  Sie- 
mens-Martin method  may  possess  some  interest,  even  for  countries  out- 
side our  own,  and  especially  for  the  United  States,  where  the  charcoal- 
iron  industry  competes  with  that  of  Sweden  for  the  first  rank  in 
extent  and  importance.     I  take  the  liberty  therefore  of  giving  in 

*  Translated  by  the  Secretary.  t  Trans.,  xxii.,  265. 
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this  paper  an  account  of  our  Swedish  open-hearth  practice,  hoping 
that  ray  honored  professional  colleagues  on  the  other  side  of  the 
Atlantic  may  find  in  it  at  least  a  few  suggestions  worthy  of  con- 
sideration. If  any  of  them  should  be  moved  to  visit  Sweden,  it 
would  give  me  great  pleasure  to  return  in  some  small  degree  the 
abundant  kindness  received  by  me,  during  ray  journey  in  America, 
both  at  the  World's  Fair  and  at  the  iron-works  of  the  United  States, 
in  the  way  of  professional  information  and  personal  hospitality. 

Already  at  the  Paris  Exposition  of  1867,  two  officers  of  the 
Jernkontoret  of  Sweden,  namely,  K.  Styffe,  managing  director,  and 
L.  Rinman,  director,  received  from  Mr.  Pierre  E.  Martin  a  descrip- 
tion of  his  recently  invented  process  for  the  manufacture  of  steel 
without  crucibles,  by  the  fusion  of  pig  and  wrought-iron  ;  and  as 
the  Siemens  furnace  had  been  for  some  years  already  in  use  in 
Sweden,  in  conjunction  with  F.  Lundin's  gas-producers,  for  wood 
and  peat,  to  heat  iron  for  rolling-mills  and  hammer-works,  and  Mr. 
Lundin  even  in  1867  had  just  melted  cement  steel  in  a  similar 
heating- furnace,  and  obtained  a  useful  product,  the  above-named 
gentlemen  saw  at  once  the  importance  for  our  country  of  this 
method  of  steel- manufacture;  and  when  Mr.  Styffe  returned  to  his 
work  as  director  of  the  Engineering  Academy,  Mr.  Rinman,  at  the 
invitation  of  Mr.  Martin,  went  to  Sereuil,  and  made  a  very  careful 
investigation  of  the  new  method. 

After  Mr.  Rinman's  return  to  Sweden  in  1868,  and  upon  the 
earnest  recommendation  of  Messrs.  Styffe  and  Rinman,  the  Jernkon- 
toret granted  the  necessary  funds  for  experiments  with  the  method 
at  the  Munkfors  works  in  Varmland,  where  a  Siemens  heating- 
furnace  by  Mr.  Rinman  was  changed  to  a  steel-melting  furnace.* 

These  experiments  were  on  the  whole  very  successful,  and  clearly 
showed  that  steel  could  be  advantageously  melted  with  our  Swedish 
fuel,  wood  and  peat,  provided  the  Siemens  regenerators  and  the 
Lundin  gas-producers  with  condensers  were  used  ;  and  Director 
Rinman  was  called  upon  during  the  next  year  to  build  two  steel- 
works, one  at  Kilafors  and  one  at  Hellefors,  and  to  commence  also 
the  working-plans  for  two  other  steel-works. 

The  first  Swedish  open-hearth  furnaces  were,  as  the  drawings  of 
the  Kilafors  furnace  (Figs.  1  to  9  inclusive)  show,  very  small  in  com- 
parison with  those  of  the  present  day,  or  even  with  furnaces  in  other 
countries  at  the  same  time.     They  were  built  for  charges  of  about 

*  See  Jernkontorets  Annaler,  1869. 
vol.  xxiv.— 19 
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470  to  500  pounds  only.  One  reason  was  that  the  owners  of  the 
works  did  not  wish  to  go  to  the  expense  of  more  extensive  plants, 
before  they  knew  whether  foreign  consumers  would  accept  the  well- 
known  Swedish  iron  in  this  new  form.  Moreover,  it  was  already 
foreseen,  and  urged  by  several  professional  men — among  them  Prof. 

o 

R.  Akerman — that  the  open-hearth  method  in  our  country  would  have 
to  be  planned  and  practiced  under  other  conditions,  and  for  other 
purposes  than  elsewhere,  and  that  its  success  was  therefore  still  to  be 
proved. 

In  other  countries  the  open-hearth  steel-indtfstry  was  at  that  time 
specially  based  on  the  use  of  cheap  scrap  and  pig-iron,  to  produce 
a  second-class  soft  steel,  and  also  on  the  use  of  relatively  cheap  low- 
phosphorus  puddled  iron,  with  as  small  a  proportion  as  possible  of 
more  expensive  low-phosphorus  pig-iron,  to  produce  hard-steel  for 
domestic  consumption.  Not  so  with  us.  We  have  always  been, 
and  are  still,  obliged  to  sell  most  of  our  iron-product  to  other  coun- 
tries; and  we  have  always  to  hold  our  market  by  maintaining  the 
very  best  quality,  since  our  expensive  raw  materials  and  transporta- 
tion have  made  it  impossible  for  us  (at  least  up  to  the  present  time) 
to  make  cheap  iron.  We  have  therefore  to  aim  chiefly  at  the  pro- 
duction of  the  finest,  softest  steel  and  the  very  best  tool-steel, 
to  which  has  been  lately  added  the  manufacture  of  good  steel  for 
castings  ;  and  we  must  make  those  products  in  the  way  that  is  cheap- 
est for  us,  that  is,  with  the  use  of  as  much  pig-iron  and  ore  and  as 
little  wrought-iron  and  scrap  as  possible,  because  we  have  pig-iron, 
free  from  phosphorus  and  sulphur,  a  good  deal  cheaper  than  wrought- 
iron  and  scrap;  whereas,  the  opposite  relation  between  non-phosphoric 
pig-iron  and  puddled  wrought-iron  has  obtained  in  other  countries. 

The  iron-works  proprietor,  Mr.  C.  A.  Rettig  of  Kilafors,  and 
Director  L.  Rinman  are  really  the  gentlemen  who  established  the 
Swedish  open-hearth  steel  business,  in  that  they  employed  with  entire 
success  charges  of  60  per  cent,  of  pig-iron  and  40  per  cent,  of 
wrought-iron,  and  even  with  a  greater  proportion  of  pig-iron.  Di- 
rector Rinman  successfully  used  rich  iron-ore  also  for  the  process. 

At  the  small  furnaces  first  built,  the  fuel-consumption  was  of 
course  very  great — from  375  up  to  560  pounds  per  100  pounds  of 
steel  produced  in  furnaces  of  470-pound  heats. 

In  1869  a  furnace  was  built  by  J.  L.  Sebenius,  carrying  one  ton 
at  a  charge  and  running  with  a  fuel-consumption  of  about  275 
pounds  per  100  pounds  of  steel.  After  this,  the  dimensions  of  new 
furnaces  were  increased  and  their  fuel-consumption  reduced,  until  at 


THE   MANUFACTURE   OF  OPEN-HEARTH   STEEL   IN   SWEDEN.       291 


the  end  of  1878  there  were  seven  steel-works  in  operation,  with 
eleven  furnaces,  the  highest  charge-capacity  being  four  tons,  and  the 


fuel-consumption  about  200  pounds  per  100  pounds  of  steel. 


292        THE    MANUFACTURE   OF   OPEN-HEARTH   STEEL  IN   SWEDEN. 

In  that  year  we  had  started  at  the  Bofors  works  the  manufacture 
of  steel  castings,  and  had  found  that  by  this  process,  without  forging 
afterwards,  we  could  make,  after  the  Terre-Noire  method,  steel  cast- 
ings which  would  compete  for  strength,  toughness  and  solidity  with 
the  best  foreign  crucible-steel  forgings.  This  increased  the  general 
faith  in  the  open-hearth  steel-process,  and  additional  works  with 
larger  furnaces  were  built. 

In  1882  we  succeeded  in  constructing  a  gas-producer  for  coal 
(Figs.  14,  15  and  16,  described  below),  with  the  help  of  which  we 
reduced  the  fuel-consumption  at  our  10-ton  open-hearth  furnaces, 
until,  at  the  present  time,  it  amounts  to  only  20  to  25  per  cent,  of 
the  weight  of  the  ingots  produced.  As  a  consequence,  even  works 
which  lacked  sufficient  forests  to  produce  the  needed  wood  for  fuel, 
could  build  larger  furnaces;  and  the  demand  for  such  constructions 
received  a  considerable  impetus,  particularly  as  our  furnaces  acquired 
an  excellent  reputation  for  good  working  and  fuel-economy,  so  that 
even  from  Russia  and  Finland  many  orders  for  designs  of  open- 
hearth  furnaces  were  received. 

For  the  last  few  years,  however,  a  decrease  has  taken  place  in 
new  construction,  as  a  consequence  of  the  low  prices  commanded  by 
the  product.  Yet  these  years  have  been  of  some  benefit  to  us,  since, 
by  perfecting  the  process  and  improving  the  construction  of  pro- 
ducers and  furnaces,  we  have  attained  a  much  smaller  running-cost 
than  before,  while  securing  still  better  steel  and  steel  castings. 
This  latter  statement  I  think  all  Ayho  did  us  the  honor  to  inspect 
our  iron  and  steel  exhibits  in  Chicago  can  confirm ;  and  I  take  this 
opportunity  to  express  to  Mr.  E.  C.  Potter  and  Dr.  H.  Wedding 
the  sincere  thanks  of  the  representatives  of  Swedish  works  for  the 
very  kind  notices  they  have  given  in  the  Iron  Age  and  in  Stahl  und 
Eisen. 

A  revival  of  the  building  of  new  furnaces  in  Sweden  is  now  likely 
to  take  place,  in  consequence  of  the  success  of  tests  made  at  the  So- 
derfors  works  with  another  type  of  producer  for  wood-gas,  with  a 
connected  apparatus  for  drying  the  wood  (see  Figs.  17  to  21).  This 
reduces  the  fuel-consumption  nearly  to  one-half  of  what  it  has  been, 
or  for  furnaces  of  3-ton  charges,  to  not  more  than  70  pounds  of 
wood,  and  for  10-ton  furnaces  to  only  about  45  pounds  of  wood  per 
100  pounds  of  steel.  This  is  a  very  considerable  decrease  in  the 
fuel-expense,  and  makes  it  a  good  deal  cheaper  in  Sweden  to  use 
wood  than  coal  for  gas-producers. 
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Gas-Producers. 
The  first  gas-producer  employed  was  that  of  F.  Lundin,  which 


had  a  condensing-apparatus  for  the  gas.     The  producer  consisted,  as 
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Fig.  10  shows,  of  a  square  generator,  supplied  at  the  bottom  with  a 
grate  and  at  the  top  with  a  tight-fitting  charging-funnel,  having  at 
one  side  an  upright  brick  flue,  from  which  the  gas  passed  through 
a  cylindrical  cast-iron  pipe  down  to  the  condenser.  In  the  first  sec- 
tion of  the  condenser,  the  gas  was  struck  by  a  fine  spray  of  water, 
and  thence  passed  through  a  steady  rain  of  water,  up  between  iron 
cross-bars  where  the  last  of  the  vapors  which  could  be  condensed 
were  collected,  together  with  the  greatest  part  of  the  tar.  The  gas 
then  passed  through  pipes  to  the  furnace-regenerators.  Figs.  11,  12 
and  13  show  a  modification  of  this  producer,  which  has  been  more 
generally  used  of  late  years  at  the  Martin  furnaces.  It  is  supplied 
with  another  type  of  condenser  called  the  E.  A.  Wiman  surface- 
condenser.  The  water  which  in  the  Lundin  condenser  was  sprinkled 
in  the  gas,  taking  out  vapors,  tar  and  acetic  acid,  used  to  run,  charged 
with  these  substances,  into  rivers  where  it  poisoned  the  fish  and  made 
the  water  unfit  for  human  use.  This  resulted  in  a  good  deal  of 
trouble,  involving  law-suits  and  the  payment  of  damages  by  the 
iron-works,  as  well  as  the  ultimate  prohibition  of  the  discharge  of 
this  water  into  the  rivers.  Bjorklund  then  constructed  a  surface- 
condenser,  consisting  of  brass  tubes  surrounded  by  cold  water, 
through  which  tubes  the  gas  was  forced  to  pass.  These  tubes  being 
difficult  to  keep  clean,  Wiman  designed  as  a  substitute  his  surface- 
condenser,  which  consists  of  thin  plate-iron  boxes,  placed  near 
together,  into  which  the  cooling- water  is  admitted  at  the  bottom,  to 
pass  out  at  the  top,  while  the  gas  passes  between  the  boxes  from  the 
top  downwards.  This  method  makes  it  practicable  to  separate  inde- 
pendently the  water,  tar  and  acetic  acid  from  the  gas,  and  permits 
the  transportation  of  these  noxious  substances  by  rail  to  places  far 
from  the  rivers. 

The  producer  itself  consists  of  a  circular  shaft,  about  20  feet 
high,  with  its  greatest  diameter  about  half-way  between  top  and 
bottom,  and  covered  with  a  cast-iron  plate,  furnished  with  a  bell-and- 
hopper.  At  the  bottom  of  the  producer  is  the  ash-pit,  with  grate 
and  inlet  for  the  blast.  This  producer  has  been  constructed  ac- 
cording to  calculations  based  on  many  analyses  of  the  gases  taken 
from  producers  of  different  sizes  and  produced  from  the  three 
different  water-containing  fuels,  namely,  wood,  peat,  and  saw-dust ; 
and  it  is  so  calculated  that  it  should  deliver  a  gas  with  the  least' 
possible  percentage  of  carbonic  acid.  For  this  reason  it  is  larger 
than  those  previously  employed.  It  consumes  also  less  fuel  for  the 
same  product  than  the  previously-constructed  condenser-producers. 
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Figs.  14,  15,  and  16  show  the  coal-gas  producers  as  they  were 
built  as  late  as  last  year.  They  are  a  good  deal  smaller  than  the 
condenser-producers,  and  are  supplied  with  step-grate  and  blast-con- 
nection. In  Sweden  we  have  always  used  blast,  both  for  the  produc- 
tion of  the  gas  in  the  producers  and  for  its  combustion  in  our  steel- 
furnaces  ;  by  which  means  we  have  avoided  the  building  of  high 
chimneys,  and  have  been  able  to  regulate  completely  the  admission  of 
gas  and  blast  to  the  furnaces.  For  some  years  past  the  writer  has  had 
occasion  to  observe  that  the  tar  condensed  out  of  our  water-contain- 
ing fuels  gives  more  heat,  if  it  is  allowed  to  pass  into  the  furnace  and 
be  consumed  there,  than  the  equivalent  of  the  heat  which  the  water- 
vapors  in  the  fuel  carry  from  well-constructed  modern  furnaces  with 
large  regenerators.  In  accordance  with  this  observation,  we  experi- 
mented at  the  Soderfors  works  with  both  green  and  dry  wood  and 
refuse  from  saw-mills  for  firing  the  open-hearth  furnace.  These  ex- 
periments led  to  the  producer-type  shown  in  Figs.  17  to  20  inclu- 
sive, with  drying-apparatus  (Fig.  21),  by  means  of  which  such  a 
considerable  saving  in  the  wood  is  made  that  it  now  becomes  much 
cheaper  to  fire  with  wood  than  with  coal. 

As  the  producer  is  not  larger  than  one  of  our  common  coal-gas 
producers,  it  can  be  run  with  coal  as  well.  No  further  description 
is  needed,  as  it  is  sufficiently  shown  in  the  drawing. 

The  apparatus  for  drying  the  wood,  shown  in  section  in  Fig.  21, 
consists,  for  a  10-ton  furnace,  of  three  steel-plate  cylinders,  covered 
on  the  outside  with  asbestos-board,  and  this  again  protected  by  a  thin 
cover  of  wood.  A  certain  small  amount  of  dry  wood  is  taken  out 
at  a  time,  while  the  same  amount  of  fresh  wood  is  put  in,  so  that 
the  apparatus  works  continuously.  The  drying-current  is  fur- 
nished by  the  products  of  combustion  escaping  from  the  air-regener- 
ators of  the  open-hearth  furnace.  These,  instead  of  passing  to  a 
chimney,  are  drawn  by  a  suction-fan  into  and  up  through  the  dry- 
ing cylinders.  As  the  drying-current  cannot  be  allowed  to  have  a 
higher  temperature  than  120°  C,  an  automatic  heat-regulator  is 
provided  by  inserting  in  the  blast-pipe  a  copper  wire,  which,  ex- 
panding as  the  temperature  of  the  drying-current  is  raised,  opens  a 
valve  admitting  cold  air,  and  vice  versa. 

The  Steel-Melting  Furnace. 

AJrnost  all  our  newly-built  open-hearth  furnaces  are  of  the  style 
shown  in  Figs.  22,  23,  and  24.  Since  1883,  we  have  generally  used 
very  high-roofed  furnaces  with  dome-arch  and  with  alternating,  or 
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so-called  "  gallery-ports  "  for  gas  and  air.  "We  prefer,  for  two  reasons, 
this  kind  of  ports.  In  the  first  place,  as  we  like  to  use  the  largest  prac- 
ticable percentage  of  pig-iron,  we  desire  (hat  half  of  the  charge  should 
be  melted  in  the  hot-air  currents  coming  from  the  ports.  In  this 
way,  almost  all  the  silicon  and  even  a  part  of  the  carbon  are  oxidized 
during  the  fusion,  so  that  the  reactions  in  the  bath  can  commence 
sooner.  Again,  a  smaller  part  of  the  material  is  thus  exposed  to  contact 
with  the  gas-flame.  In  works  where  coal  or  peat  containing  sulphur 
are  used  to  make  the  gas,  it  is  an  advantage  to  have  the  metal  less 
liable  to  take  up  sulphur  during  the  melting.  That  this  is  not  an 
imaginary  benefit,  is  shown  by  the  considerable  reduction  of  the 
amount  of  ferro-mangauese  required  in  a  furnace  which,  after  having 
had  the  gas-ports  below  and  the  air-ports  above,  has  been  changed  to 
the  gallery-type.  The  difficulty  was,  formerly,  that  the  partition- 
walls  between  the  ports  soon  melted  down;  but  we  have  overcome 
this  by  the  use  of  fire-brick  of  more  suitable  dimensions  and  form. 
We  have  also  been  using  for  many  years  so-called  dust-pockets  for 
the  collection  of  the  sprav  of  slag  which  accompanies  the  products 
of  combustion  from  the  furnace. 

We  let  the  ports  incline  downward  to  the  bottom  of  the 
hearth,  preferring  to  be  able  to  get  the  bottom  sintered  quickly  after 
repairs  between  the  charges.  This,  however,  certainly  occasions  a 
loss  (though  a  very  small  one)  in  fuel,  by  reason  of  the  less  perfect 
combustion  of  the  gas  just  after  a  fresh  cold  charge  has  been  added. 
The  use  of  the  gallery-ports  secures  perfect  combustion  in  the  fur- 
nace as  soon  as  the  cold  charge  has  become  red-hot,  and  hence  no 
smoke  can  be  seen  coming  from  the  chimney  of  a  Swedish  open-hearth 
works,  except  for  a  short  while  after  a  new  charge  has  been  made,  or 
at  the  reversing  of  the  valves. 

The  regenerators  at  our  open-hearth  furnaces  are  very  large  as 
compared  with  those  of  other  countries.  We  provide  in  each  re- 
generator 2.5  cubic  meters  (88.3  English  cubic  feet)  of  regenerator- 
capacity  per  ton  of  steel,  which  the  furnace  is  to  give  at  each  cast. 
That  is,  for  a  10-ton  furnace,  each  regenerator  has  a  capacity  of  25 
cubic  meters  (883  cubic  feet),  or,  for  all  the  four  together,  100  cubic 
meters  (3532  cubic  feet). 

Before  1880  there  was,  here  and  there,  an  old  furnace  with  wholly 
or  partly  horizontal  regenerators,  but  as  they  never  could  be  con- 
structed so  as  to  receive  and  give  out  in  a  fully  satisfactory  way  the 
heat  of  the  products  of  combustion,  we  now  always  use  vertical  re- 
generators.    Moreover,  to  prevent  loss  of  heat,  we  bury  them  as  far 
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as  practicable  in  dry  ground,  and  the  portion  of  the  regenerator  left 
above  the  ground  is  in  most  cases  covered  with  asbestos-board,  and 
this  again  protected  with  sheet-iron.  Over  the  roof  of  the  regenerator 
is  laid  a  cover  of  about  one  foot  of  dry  sand.     The  object  of  all  this 


Fig.  13. 


GAS-PRODUCER     FOR     WOOD 

SECTION   A-D    (FIG.  12.) 
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is  to  save  fuel.  Only  the  walls  of  the  furnace  proper  have  not  this 
covering,  but  the  brick  is  protected  by  one-inch  cast-iron  plates. 

The  best  valves  we  have  are  the  so-called  American  lift-and-drop 
dish-valves,  which  rest  against  water-cooled  seats  and  are  easily  ad- 
justed so  as  to  be  always  entirely  tight. 

As  our  gas  from  wood  and  peat  usually  enters  the  furnace  as  cold 
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as  the  air,  or  colder,  we  make  the  gas-regenerators  of  the  same  size  as 
the  air- regenerators. 

The  Process. 

As  the  fuel  is  with  us  the  most  expensive  item  (coal,  for  instance, 
costing  us  at  the  works  about  $6  per  ton),  we  try,  above  all,  to  re- 
duce the  fuel-consumption  to  a  minimum  by  covering  the  furnaces* 
and  by  driving  the  process  as  fast  as  is  consistent  with  the  best 
quality  of  the  product.  I  suppose  many  foreign  engineers  may  be 
surprised  that,  with  our  attention  mainly  directed  on  this  point,  we 
have,  nevertheless,  not  got  below  a  fuel-consumption  (for  coal)  of 
20  to  25  per  cent,  of  the  weight  of  the  steel  produced.  But  it  must 
be  kept  in  mind  that,  partly  for  the  lack  of  good  soft  scrap  and 
partly  also  because  we  believe  that  we  get  a  better  product  the  more 
pig-iron  and  the  less  scrap  we  use,  we  work  with  a  high  pig-iron 
percentage  and  consequently  consume  more  time  to  each  heat  than  is 
customary  in  other  countries. 

We  have,  for  iustance,  steel-works  here  which  use  no  wrought- 
iron  at  all  when  they  make  the  very  finest  qualities  of  steel,  but 
work  only  with  pig-iron  and  ore.  In  such  cases,  however,  the  fuel- 
consumption  rises  somewhat  above  the  figures  given  above,  which  are 
for  charges  of  60  to  70  per  cent,  of  pig-iron  and  30  to  40  per  cent,  of 
scrap  respectively,  melted  in  10-ton  furnaces,  which  is  the  usual  size 
of  our  modern  furnaces. 

The  largest  furnaces  we  have  are  of  15  tons'  capacity,  which 
may  be  said  to  be  very  small  for  the  present  time  and  in  comparison 
with  what  is  used  in  America.  It  is,  however,  the  common  opinion 
here  that  the  maximum  advantageous  size  is  reached  at  10-ton 
charges,  if  strictly  first-class  tool-steel  and  steel  castings  are  to  be 
manufactured.  Moreover,  but  few  of  our  works  make  entirely  soft 
open-hearth  steel  in  quantities  large  enough  to  run  40-  to  50-ton 
furnaces,  and  these  works  prefer,  so  far,  to  use  three  smaller  furnaces 
instead  of  one  large  one,  fearing  to  get  an  inferior  and  not  entirely 
uniform  product. 

It  is  possible  that  on  this  point  we  are  too  conservative,  and  that 
we  could  learn  to  make  in  much  larger  furnaces  just  as  tough  and  uni- 
form metal ;  but  as  it  is  our  object  to  produce  an  open-hearth  steel  in 
every  respect  fully  equal  to  the  best  crucible-steel,  the  difficulties  of 
a  furnace  of  more  than  10  tons  charge-capacity  are  as  yet  too  great 

*  The  products  of  combustion  leave  our  best  furnace-regenerators  at  only  about 
200°  C. 
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for  us.  It  should  be  added  that  most  of  our  works  make  steel  cast- 
ings also,  and  that  these  are  ordered  (or  ought  to  be)  of  different 
quality  for  different  purposes  ;  so  that  it  is  impossible  to  be  always 
so  well  supplied  with  orders  that  charges  of  o^ver  10  tons  could  be 
regularly  tapped.  But  if  a  25-  or  50-ton  furnace  is  run  at  times  with 
small  charges,  to  make  castings,  the  fuel-consumption  is  ruinous; 
while,  on  the  other  hand,  we  do  not  like  to  run  with  full  charges  for 


Fig.  16 


GAS-PRODUCER     FOR     COAL 

SECTION    D-E-l-K,.  (FIG.  14.)    AND    L-  M    (FIG.  15.) 

Scale  1  :  60. 


steel-castings  and  cast  the  rest  of  the  steel  into  ingots,  because  we 
neither  can  nor  care  to  sell  such  steel  (in  most  cases  containing  silicon 
and  manganese)  as  second-quality,  to  be  used  for  rolling  or  forging. 
It  may  be  said  that  we  make  only  three  kinds  of  open-hearth 
steel : 

1.  The  softest  steel,  containing  0.15  per  cent,  or  less  of  carbon; 

2.  Tool-steel,  containing  0.45  per  cent,  or  more  of  carbon ;  and 

3.  Steel-castings. 

Steel  containing  between  0.20  and  0.40  per  cent,  of  carbon  is 
seldom  made,  except  at  works  which  manufacture  heavy  plates.     Of 
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these,  however,  we  export  a  considerable  quantity,  chiefly  to  Eng- 
land, Finland,  Russia,  and  Denmark. 


1.  Soft  Steel. — In  making  the  softest  steel,  great  care  is  taken  to 
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select  pig-iron  as  free  from  sulphur  as  possible.  The  sulphur  is 
under  no  circumstances  allowed  to  exceed  0.015  per  cent.,  if  the  best 
quality  is  required.  It  is  also  of  importance  that  the  scrap  to  be 
used  shall  be  as  perfectly  free  from  rust  as  possible;  for  which 
reason  many  works  clean  the  finer  scrap  in  a  rotating  apparatus. 
The  rust  contains  in  most  cases  a  considerable  amount  of  sulphur 
taken  up  from  the  coal-smoke  of  factory-chimneys. 

The  pig-iron  and  the  scrap  are  charged  at  the  same  time  into  the 
furnace,  and  after  the  mixture  has  been  melted  about  three-quarters 
of  an  hour,  the  charging  of  ore  is  commenced.  This  ore  is  always 
of  the  richest  kind  (preferably  not  less  than  64  per  cent,  of  iron) 
and  with  gangue  of  quartz  for  the  acid,  and  talc  or  lime  for  the  basic 
method.  It  should  either  be  originally  nearly  free  from  sulphur, 
or  it  must  be  roasted  in  calcining  furnaces  before  use.  Whatever 
sulphur  it  contains  will  be  taken  up  by  the  iron,  even  in  the  basic 
open-hearth  process.  For  the  same  reason  the  lime  used  in  the  basic 
process  must  be  free  from  sulphur.  This,  however,  is  not  a  difficult 
requirement  in  our  country,  which  abounds  in  the  purest  limestone. 

The  main  thing  in  the  making  of  the  toughest  Swedish  soft  open- 
hearth  metal,  is  that  the  percentage  of  sulphur  and  oxygen  in  the 
metal  at  the  end  of  the  melt  shall  be  so  small  that,  if  possible,  no 
ferro-manganese  need  be  mixed  with  it,  or,  at  the  most,  only  a  few 
tenths  of  1  per  cent. 

For  many  purposes,  for  instance  in  telegraph-wire  and  horse-shoe 
nails,  it  is  necessary  that  no  manganese  shall  be  found  in  the  metal, 
if  it  is  to  give  satisfaction  to  customers ;  and  we  have,  as  the  rule  for 
all  our  products,  "as  little  manganese  as  the  requirements  regarding 
red-shortness  will  permit." 

The  works  which  can  use  gas  made  entirely  from  wood,  are  more 
favorably  situated  as  to  sulphur  thau  those  which  have  to  use  partly 
or  wholly  coal  ;  for  although,  in  most  cases,  when  coal  is  employed, 
we  use  a  considerable  amount  of  lime  in  the  producers,  to  absorb 
the  sulphur,  nevertheless  this  gas  does,  as,  of  course,  the  wood- 
gas  does  not,  give  some  sulphur  to  the  melting  iron.  In  using  coal- 
gas,  therefore,  we  cannot  avoid  the  addition  of  from  one-fourth  to 
one-half  of  1  per  cent,  of  manganese;  nor  do  we  get  absolutely  first- 
class  steel. 

It  is  also  of  importance  that  the  proper  temperature  shall  be  main- 
tained during  the  whole  heat.  If  the  melter,  at  any  time  during 
the  melt,  lets  the  charge  become  what  we  call  "cold,"  the  metal 
will  be  red-short ;  and  this  defect  follows  to  the  end,  in  spite  of  later 
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raising  of  temperature,  and  necessitates  a  greater  addition  of  manga- 
nese.    One-fourth  of  1  per  cent,  of  manganese  decreases  the  tough- 
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ness  of  the  steel  more  than  an  increase  of  phosphorus  from  0.020  up 
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to  0.045  per  cent.,  which  latter  is  the  highest  phosphorus-percentage 
in  first-class  soft  Swedish  open-hearth  steel.  On  the  other  hand,  as 
we  do  not  want  to  have  silicon  in  our  soft  open-hearth  steel,  the 
furnace  must  not  be  so  hot  that  the  bath  will  take  up  silicon  from 
the  sides  (in  the  acid  furnace).  It  must  be  kept  so  that  the  ingots 
shall  show  some  blow-holes,  but  free  from  oxide-coating  and  placed 
a  considerable  distance  from  the  surface,  preferably  in  a  ring  around 
an  absolutely  solid  core.  The  blow-holes,  however,  must  not  be  too 
numerous  or  too  close  together;  because  if  the  ingot  is  rolled  in  a 
mill  with  gothic  or  triangular  grooves,  it  may  happen  that  the  ma- 
terial between  the  blow-holes  is  so  much  crushed  in  rolling  as  to 
make  a  more  brittle  steel  than  otherwise  would  result. 

After  J.  A.  Brinell  published  his  investigations  on  the  influence 
of  heat  upon  the  texture  of  soft  steel,*  we  commenced  at  some 
works  to  investigate  whether  the  quality  of  the  steel  was  the  same, 
whether  the  ingots  were  left  to  cool  off  entirely  before  being  heated 
for  rolling,  or  were  rolled  with  their  initial  heat,  that  is,  were  only 
partly  cooled  before  they  were  placed  in  heating-furnace  or  soaking- 
pit,  and  then  rolled.  For  this  purpose,  we  permitted  every  alternate 
ingot  of  the  cast  to  be  entirely  cooled,  and  the  remainder  to  go  warm 
to  the  heating-furnaces  or  the  soaking-pits.  Tests  of  the  plates  after 
rolling  showed,  as  we  had  feared,  that  the  steel  possessed  less  duc- 
tility when  it  had  not  been  entirely  cooled  and  re-heated  before 
rolling.  We  think,  therefore,  that  the  use  of  Gjers  soaking-pits  is 
not  advantageous  for  steel  which  is  to  be  finished  at  one  operation, 
or  which  is  not,  in  subsequent  treatment,  to  be  raised  to  bright-red 
heat  at  least,  as  for  instance  ship-  and  boiler-plates,  material  for  rail- 
roads and  bridges,  and  plates  for  cold-cut  horse-shoe  nails,  etc. 

Again,  if  the  ingots  are  to  be  rolled  to  blooms  or  billets,  which 
are  allowed  to  cool  before  they  are  further  worked,  it  makes  no  dif- 
ference whether  they  are  put  in  the  soaking-pit  hot,  or  cooled  off  and 
then  re-heated.  The  difference  in  ductility,  however,  is  only  of  im- 
portance where  strictly  first-class  steel  is  wanted. 

2.  Tool-Steel — For  the  manufacture  of  hard,  first-class  tool-steel 
pig-iron  as  low  as  possible  in  phosphorus  is,  of  course,  required, 
and  is  made  from  our  most  non-phosphoric  ores,  with  the  use  in 
the  blast-furnace  of  charcoal  nearly  free  from  phosphorus.  Tests 
made  by  Prof.  R.  Akermanf  have  shown  that  the  charcoals  deliv- 
ered from  the  saw-mills  in  Norrland,  and  made  of  wood  from  which 

*  See  Jernkontorets  Annaler,  1885. 
t  See  Jernkontorets  Annaler,  1888. 
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In  hard  steel  we  prefer  to  keep  phosphorus  under  0.03  per 
cent.,  ami  call  no  steel  first-class  which  has  0.035  per  cent,  or  more. 
Our  best  sorts  contain  0.022  per  cent,  and  less.  The  sulphur  in  the 
pig-iron  has  not  quite  as  much  influence  on  this  steel  as  it  has  on 
the  soft  steel,  because  the  effect  of  manganese  on  the  toughness  is  not 
as  noticeable  with  the  higher  percentage  of  carbon,,  and  therefore 
more  manganese  can  be  added  ;  but  the  pig-iron  and  steel  are  not 
allowed  to  contain  more  than  0.02  per  cent,  of  sulphur — if,  indeed, 
even  this  does  not  require  too  great  a  percentage  of  manganese. 
This  is  not  a  very  difficult  condition;  for  with  the  careful  roasting 
of  the  ores  which  we  always  perform  at  the  blast-furnaces,  and  with 
our  sulphur-free  fluxes,  it  very  seldom  happens  that  the  percentage 
of  sulphur  in  the  pig-iron  is  higher  than  the  figure  given  above. 

The  steel-melting  is  so  conducted  that  a  good  steady  heat  is  kept 
in  the  furnace  during  the  process,  in  order  to  get  the  steel,  if  possi- 
ble, entirely  free  from  gas,  at  the  time  of  tapping,  without  too  high 
a  percentage  of  silicon  ;  that  is  to  say,  so  that  the  ingots  may  be  solid 
and  free  from  blow-holes,  without  too  much  tendency  to  pipe. 

If  the  steel  is  coming  from  the  furnace  too  hot,  so  that  piping  is 
to  be  feared,  it  is  either  kept  long  enough  in  the  ladle  to  sink  to  the 
proper  temperature,  or  the  so-called  "De  Laval"  heat-rings  are  used. 
These  are  iron  rings  lined  with  fire-proof  material  heated  to  very 
high  temperature,  which  are  placed  on  top  of  the  moulds,  and,  in 
casting,  are  filled  with  steel,  which  remains  melted  in  them,  and 
sinks  until  the  ingot  below  the  ring  is  entirely  solidified. 

Probably  the  danger  most  difficult  to  avoid  in  the  making  of  hard 
steel  is  getting  it  too  hot,  which  renders  it  liable  to  surface  blow-holes. 
We  have  found,  however,  that  such  blow-holes  are  formed  only 
when  the  melter,  at  some  time  during  the  process,  has  let  the  fur- 
nace become  so  cold  that  the  molten  mass  has  taken  up  too  much 
gas,  and  afterwards  has  attempted  to  repair  this  fault  by  forcing  the 
temperature  at  the  end  of  the  heat.  Under  proper  discipline,  the 
tapping  of  such  steel  has  therefore  become  more  and  more  rare.  It 
is  certain,  however,  as  was  shown  at  the  World's  Fair  at  Chicago, 
that  we  pay  more  attention  to  this  matter  than  do  the  steel-makers 
of  other  nations ;  for  among  the  steel-ingots  exhibited  from  other 
countries  such  faults,  and  especially  pipes,  were  common.  While 
we  are  not  able  to  sell  any  open-hearth  ingots  to  England  if  they 
have  "  pipes "  or  surface  blow-holes,  most  of  the  small  crucible- 
ingots,  even,  exhibited  from  England  had  such  features. 

3.  Steel  Castings. — In  the  manufacture  of  steel  for  castings  we 
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had  at  the  outset  mauy  difficulties  to  overcome,  because  our  furnaces 
were  not  suited  to  the  business.  They  were  made  very  shallow,  in 
order  to  permit  the  pig-and-ore  process  to  be  operated  with  rapidity ; 
that  is,  the  furnace  was  very  long  and  wide  in  proportion  to  the 
size  of  the  charge.  This' causes,  of  course,  in  the  making  of  steel 
for  castings,  too  quick  heats,  with  too  much  liability  of  the  metal 
to  take  up  a  large  amount  of  gases,  and  also,  after  the  addition  of 
ferro-silicon,  too  much  oxidation  of  the  silicon  before  it  has  had  time 
to  be  dissolved  in  the  bath. 

At  the  steel-casting  works — all  of  which  make  soft  steel  also — 
we  have,  therefore,  to  select  a  middle  course,  and  to  increase  the 
depth  of  the  hearth  (thus  extending  the  duration  of  the  heat),  al- 
though we  cannot  increase  it  enough  to  get  the  ideal  of  a  furnace 
for  steel  castings,  because  the  hearth  would  then  be  entirely  unfit  for 
the  production  of  soft  steel.  It  follows  also  that  to  make  steel 
castings  of  perfect  quality,  we  have  to  maintain  a  very  high  tem- 
perature in  the  furnace  during  the  melting;  that  is  to  say,  so  high 
that  the  metal  never  becomes  free  from  silicon,  whereby  the  absorp- 
tion of  gas  is  resisted.  For  this  reason  the  furnaces  are  much  more 
severely  strained  in  this  manufacture  than  in  making  steel  to  be 
rolled,  and  they  do  not  last  half  as  long. 

Another  result  is  that  we  almost  always  have  to  tap  the  steel  a 
little  too  hot,  although  we  possess  a  protection  against  over-heating 
in  the  charging  of  the  relatively  cold  ferro-silicon,  near  the  end  of 
the  operation.  This  excess  of  heat,  however,  is  of  use  in  the  manu- 
facture of  small  castings;  and  for  large  ones  we  can  always  let  the 
steel  stand  and  cool  in  the  ladle.  In  casting  small  pieces,  it  is  kept 
hot  enough  to  be  tapped  from  the  big  ladle  into  crucibles  or  hand- 
ladles,  and  from  these  into  the  moulds,  whereby  a  finer  surface  is 
obtained,  because  the  metal  is  not  poured  in  such  a  heavy  stream  as 
to  detach  loose  particles  from  the  surface  of  the  mould. 

The  main  point  in  the  production  of  steel  castings  is,  and  will 
always  be,  that  the  moulds  shall  be  made  of  proper  material.  We  use 
for  this  purpose  partly  a  kind  of  red  sandstone  of  a  very  suitable  coarse 
grain,  and  partly  the  purest,  preferably  amorphous,  quartzite,  contain- 
ing 99  per  cent,  or  more  of  silica.  Both  of  these  are  ground  to  the 
right  degree  of  fineness.  It  is  very  important  that  the  material 
shall  be  neither  so  fine  as  to  prevent  steam  and  gases  from  passing 
through  it,  nor,  on  the  other  hand,  so  coarse  that  the  steel  can  press 
into  the  pores,  which  would  give  a  rough  surface  to  the  castings. 

Molasses,  a   solution  of  carpenter's  glue,   beer,   wheat-flour,  or 
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Dutch  clay,  is  used  to  bind  the  material  together.  For  facing,  we  use 
either  the  finest  quartz-dust,  or  (as  at  most  works)  siliceous  earth 
(Kieselguhr),  which,  if  pure,  is  beyond  comparison  best.  At  the 
beginning,  we  bought  such  material  in  England,  under  the  name  of 
"Rosmedium,"  and  possibly  this  does  well  for  steel  cast  so  cold,- 
as  is  the  practice  with  the  more  phosphoric  and  more  fusible  Eng- 
lish metal ;  but  with  our  steel  the  facing  burned  fast  to  the  castings 
and  gave  them  a  bad-looking  surface.  We  have  now  succeeded  in 
getting  a  German  Kieselguhr  which  is  unusually  pure  and  good,  and 
when  stirred  into  a  solution  of  carpenter's  glue,  gives  the  most  hand- 
some surface. 

The  moulds  should  be  well  vented  and  dried,  at  least  for  small 
castings,  until  every  trace  of  moisture  has  disappeared.  Heavy 
castings  are  not  so  sensitive  ;  they  will  always  drive  the  moisture 
out  of  the  mould-mass ;  and  it  takes  a  very  careless  moulder  or 
melter  to  make  them  unsound. 

In  order  to  save  the  expense  of  maintaining  so  high  a  temperature 
during  the  melt,  we  have  practiced,  for  some  years  past,  in  the  manu- 
facture of  goods  of  minor  importance,  such  as  common  trade-castings, 
the  addition  of  about  0.002  per  cent  of  aluminum'at  tapping  ;  but, 
believing  that  we  have  found  the  aluminum  to  decrease  the  tensile 
strength  of  the  metal,  we  do  not  use  it  when  the  strongest  product  is 
desired.  As  may  be  easily  seen  if  a  steel  ingot  from  a  charge  contain- 
ing aluminum  is  broken  in  two,  this  element  gives  the  steel  a  ten- 
dency to  arrange  itself  in  large  crystal-faces  from  the  outside 
towards  the  center.  By  such  an  inspection,  it  is  easy  to  discover  in 
an  ingot  or  large  casting,  whether  even  a  small  amount  of  aluminum 
was  used  in  the  manufacture  or  not.  These  crystal-faces  are  also  the 
reason  that  it  is  much  easier  to  break  cold  by  blows  a  steel  ingot 
containing  aluminum  than  one  free  from  this  metal. 

It  is  indeed  true,  this  crystalline  structure  is  to  some  extent  des- 
troyed by  annealing  the  castings;  but  probably  the  destruction  is  not 
complete,  and  we  cannot  permit  our  product  to  have  the  least  ten- 
dency to  a  crystallization  which  would  impair  its  toughness,  because 
it  is  subjected  to  the  severest  tests.  For  instance,  it  must  success- 
fully compete  for  guns  and  armor-piercing  projectiles  with  the  forged 
steel  of  other  countries,  although  our  products  are  not  forged  at  all, 
but,  after  casting,  only  annealed  and  tempered. 

I  have  recently  seen  in  the  Iron  Age  that  a  leading  authority  in 
this  field  says  he  has  found  that  from  0.85  to  0.95  per  cent,  of  man- 
ganese has  no  bad  effect.     As  I  have  not  had  the  opportunity  to  test 
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foreign  steel  castings,  I  will  not  question  this  assertion  so  far  as  they 
are  concerned  ;  but  tests  for  ductility,  and  especially  for  drop-tests  at 
low  temperature,  made  of  our  open-hearth  castings,  have  shown  that 
they  possess  most  toughness  where  the  silicon  is  0.25  per  cent,  or 
less,  and  the  percentage  of  manganese  is  as  small  as  possible,  and  that 
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the  quality  of  the  steel  will  be  the  very  best,  when  the  desired  high 
tensile  strength  has  been  obtained  by  increased  percentage  of  carbon, 
or,  still  better,  by  the  addition  of  a  sufficient  amount  of  nickel  or 
chromium,  or  often  both  these  metals  combined. 

As  I  have  said,  we  regard  manganese  in  steel  castings  and  tool- 
steel  as  a  necessary  evil,  and  in  the  softest  steel  as  an  unnecessary 
evil ;  I  except,  of  course,  the  so-called  manganese-steel   with  high 
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percentage  of  manganese,  which  we  have  indeed  tried,  but  without 
much  satisfaction. 

At  ihe  Fiuspong  gun-works,  we  have  now  commenced  to  make 
even  plates  for  armor-towers  by  direct  casting,  without  any  forg- 
ing afterwards ;  and  although  this  has  been  done  as  yet  to  a  small 
extent  only,  it  is  clearly  shown  that  the  right  way  to  make  armor 
for  fortifications  is,  without  doubt,  to  cast  the  plates  and  then  only 
heat  and  temper  them  after  machining,  thus  omitting  entirely  the 
forging  or  rolling.  Only  a  small  increase  in  thickness  is  required  to 
make  them  equal  to  rolled  plates  ;  and  they  are  so  much  cheaper  to 
make,  that  they  can  be  cast  to  great  advantage  a  good  deal  heavier 
than  any  of  our  present  rolling-mills  can  make  their  plates.  To 
this  may  be  added,  that  armor-plates  made  in  this  way  can  be  cast 
with  strengthening  ribs,  and  in  shapes  impossible  for  rolled  plates. 
The  one  thing  necessary  is  that  metallurgical  engineers  and  con- 
tractors unite  their  experience  to  perfect  the  details  of  practice. 

I  deem  it  unnecessary  to  state  the  theory  of  the  open-hearth  pro- 
cess as  we  operate  it,  since  Messrs.  H.  H.  Campbell  and  Russell  W. 
Davenport  have  already,  in  1893,  so  admirably  explained  it  on  the 
basis  of  American  practice,  and  most  of  what  I  could  say  would  only 
repeat  nearly  what  they  have  brought  forward.  I  will  only  add, 
therefore,  that,  in  the  last  few  years,  we  have  been  going  over  to  the 
basic  process,  which  in  my  opinion  will,  in  all  probability,  gain  a 
still  stronger  foothold  among  us.  At  the  same  time,  I  wish  to  say 
most  emphatically,  that  we  have  not  at  all  changed  to  this  method  in 
order  to  get  a  better  product  than  we  were  making  already ;  for  I 
hardly  think  we  can  do  that.  Our  sole  reason  for  the  change  is 
the  saving  of  time  and  fuel.  At  a  number  of  our  basic  furnaces, 
magnesite  linings,  and  at  others  dolomite  linings,  are  used  ;  and  we 
believe,  as  do  the  engineers  at  the  basic  works  in  America,  that  the 
former  are  the  best;  but,  in  many  places,  we  prefer  the  dolomite, 
for  the  same  reason  as  they  do  in  America,  namely,  because  we  have 
a  good  deal  of  it  in  our  own  country,  and  therefore  can  get  it  cheap, 
while  the  magnesite  must  be  imported  from  Germany. 

The  operation  of  the  basic  process  is  the  same  here  as  in  America, 
except  that  we,  of  course,  do  not  have  to  tap  any  phosphoric  slag 
towards  the  end  of  the  process,  owing  to  the  low  percentage  of  phos- 
phorus in  our  material.  But  since,  even  in  the  basic  furnace,  we  try 
to  use  as  much  pig-iron  and  as  little  scrap  as  possible,  we  have  to  add 
about  as  much  lime,  to  counteract  the  silicon  of  the  pig-iron.  The 
greatest  difficulty  we  have  had  to  overcome  in  the  basic  method  has 
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been  to  make  solid,  hard  steel  and  steel  castings  without  adding 
aluminum ;  but  this  has  been  overcome  by  the  addition  of  ferro- 
silicon  and  ferro-manganese,  previously  melted  in  a  crucible,  to  the 
steel  in  the  ladle. 

A  peculiarity  in  both  our  acid  and  our  basic  open-hearth  pro- 
cess is,  perhaps,  that  we  prefer  not  to  recarburize.  We  tap  the 
charge  when  the  forge-test  and  the  carbon-test  show  the  required  de- 
gree of  hardness;  and  if,  in  filling  a  very  pressing  order,  the  inelter 
should  have  let  the  steel  go  too  low  in  carbon,  so  that  we  are  forced 
to  recarburize,  we  do  this  always  by  adding  a  good  deal  more  pig- 
iron  than  is  needed  to  supply  the  carbon,  and  letting  the  charge  boil 
a  few  hours  longer,  in  order  to  get  an  entirely  homogeneous  product. 
It  was  common,  before  1880,  to  recarburize,  if  necessary,  by  adding 
just  as  much  pig-iron  as  was  needed  to  bring  the  carbon  to  the  right 
degree  ;  but,  in  the  beginning  of  that  year,  a  works  which  had  deliv- 
ered plates  containing  0.20  per  cent,  carbon  to  a  steel-bucket  factory, 
received  complaints  that,  in  the  shaping,  small  particles  of  adamantine 
hardness  were  pressed  out  of  the  soft  plate ;  and  these  were  found  to 
be  white  pig-iron  from  the  recarburizing-pig.  Microscopic  examina- 
tion of  the  fracture-surfaces  of  tensile  test-pieces  has  shown  that  even 
the  ferro-silicon  and  ferro-manganese,  added  towards  the  end  of  the 
heat,  partly  remain  in  granular  form,  if  sufficient  time  has  not 
elapsed  between  the  addition  and  the  casting. 

According  to  the  reports  of  the  Royal  Department  of  Commerce, 
the  production  of  open-hearth  steel  in  Sweden  was,  in  1886,  at  13 
works,  22,460  metric  tons,  and,  in  1892,  at  22  works,  76,556  metric 
tons.  This  is  (in  proportion  to  the  size  of  our  country)  a  rapid 
growth,  both  in  number  of  works  and  in  aggregate  product,  the  for- 
mer having  been  nearly  doubled,  and  the  latter  more  than  trebled 
in  six  years.  At  the  present  time,  there  are  two  new  works  under 
construction,  with  furnaces  of  10  tons'  capacity. 


A  TWELVE-MILE  TBANSM1SSION  OF  POWEB  BY 
ELECTBICITY. 

BY  THOMAS   H.    LEGGETT,    BODIE,   CAL. 

(Virginia  Beach  Meeting,  February,  1894.) 

A  number  of  papers  on  the  use  of  electricity  in  mining  opera- 
tions have  been  presented  at  the  Institute  meetings  recently,  but 
only  a  very  few  of  them  have  given  particulars  and  details  of  the 
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application  of  this  power.  It  is  therefore  believed  that  a  description 
of  one  of  the  most  extended  transmissions  of  power  by  electricity  in 
operation  to-day  may  be  of  interest. 

At  Bodie,  Cal.,  the  ruling  price  for  wood  has  been,  for  years  past, 
$10  per  cord,  so  that  the  monthly  fuel-bills  of  a  20-stamp  mill, 
crushing  and  amalgamating  50  tons  of  ore  per  day,  would  often 
amount  to  $2000.  To  reduce  this  excessive  cost  of  motive-power 
was  the  problem  in  hand,  and  the  use  of  electricity  generated  by 
water-power  has  solved  it.  No  sufficient  water-power  could  be 
found  nearer  than  12J  miles,  the  distance  from  Bodie  in  a  straight 
line  over  the  hills  to  the  east  flank  of  the  Sierra  Nevada. 

Eighteen  months  ago,  when  the  installation  of  this  plant  was 
under  consideration,  the  limitations  of  the  direct  current  for  such  a 
lengthy  transmission  were  by  no  means  as  well-established  or  as  gen- 
erally admitted  as  they  are  to-day.  Therefore,  when  an  eminent 
electrical  engineer,  and  strong  advocate  of  that  system,  coolly  pro- 
posed to  transmit  the  120  horse-power,  required  at  the  motor-end  of 
the  line,  by  using  the  continuous  current  with  5000  volts  on  the 
commutator  of  the  generator,  he  was  listened  to  with  profound  re- 
spect, not  unmixed  with  the  admiration  that  the  eloquent  electrician 
usually  elicits  from  the  untutored  layman,  when  he  expatiates  upon 
the  possibilities  of  electricity  and  asserts  what  can  be  done,  though 
perhaps  he  may  never  have  tried  to  do  it. 

Electricity  has  undoubtedly  accomplished  wonderful  results 
during  the  past  decade,  proof  of  which  was  afforded  in  abundance 
at  the  World's  Fair,  but  there  are  still  some  electrical  feats  that 
have  not  been  attempted;  and  this,  so  far  as  the  writer  is  aware,  is 
one  of  them.* 

There  has  recently  been  installed  near  Genoa,  Italy,  a  continuous- 
current  plant,  transmitting  300  horse-power  a  distance  of  18  miles 
to  that  place.f  At  the  power  stations  (of  which  there  are  three,  one 
below  the  other)  there  are  four  groups  of  dynamos,  each  group  of 
two  dynamos  driven  by  turbines  (Piccard  system)  of  140  horse- 
power, under  heads  varying  from  225  to  495  meters.  These  are 
connected  in  series,  one  group  being  held  in  reserve,  and  produce 
each  a  current  of  47  amperes  and   1000  volts,  the  resulting  electro- 


*  "Electric  Transmission  of  Power  Long  Distances,"  by  W.  F.  C.  Hasson,  Trans. 
Technical  Soc.  of  the  Pacific  Coast,  vol.  x.,  No.  4,  p.  51. 

f  Bulletin  cle  P  Association  des  Inr/enieurs  Electriciem  sortU  de  VInstitut  Electro- 
Technique  Montefiore,  '2d  series,  vol.  iv.,  p.  179. 
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motive  force  sometimes  reaching  6000  volts  during  the  hours  of 
maximum  load.  The  motors  are  also  connected  in  series,  no  one 
machine,  it  will  be  noted,  carrying  a  potential  exceeding  1000  volts 
at  any  time. 

This  necessary  "series"  arrangement  of  dynamos  and  motors 
forms  the  great  drawback  to  the  use  of  the  continuous  current  for 
long-distance  transmission,  more  especially  where  the  range  of  work 
to  be  performed  is  wide  and  varied.* 

Nearly  three  years  ago  the  Westinghouse  Electric  and  Manufac- 
turing Company  installed  a  120  K.  W.  generator  for  the  San  Miguel 
Consolidated  Mining  Company,  at  Telluride,  Colo.,  and  transmitted 
150  horse-power  a  distance  of  3  miles  by  the  single-phase  A.  C. 
synchronous  system,  successfully  operating  the  40-starap  mill  of  the 
Gold  King  mine,  the  generator  being  driven  by  Pelton  water-wheels 
and  working  under  a  potential  of  3000  volts.  During  the  past  year 
this  plant  has  been  increased  by  the  addition  of  an  800-horse-power 
generator,  from  which  a  current  is  transmitted  8  miles  to  a  250- 
horse-power  motor,  driving  a  120-stamp-mill  of  the  same  company. 
The  excess  of  power  is  to  be  utilized  in  operating  other  stamp-mills 
in  the  vicinity. 

After  consultation  with  Mr.  W.  F.  C.  Hasson,  electrical  engineer, 
of  San  Francisco,  it  was  decided  to  adopt  this  single-phase  synchro- 
nous system  as  the  cheapest  in  copper  and  the  simplest  for  the  work 
required,  and  the  contract  for  the  electrical  apparatus  was  let  to  the 
Westinghouse  Electric  and  Manufacturing  Company.  At  that 
time,  neither  the  three-phase  system  (requiring  three  wires)  nor  the 
Tesla  two-phase  (requiring  four  wires)  had  reached  their  present 
state  of  development  in  this  country.  In  the  Niagara  Falls  trans- 
mission, the  above  company  is  to  use  this  two-phase  system,  which 
is  undoubtedly  better  adapted  to  a  variety  of  work  than  the  single- 
phase,  since  the  motors  are  self-starting. 

An  interesting  installation  of  a  three-phase  plant  has  recently  been 
made  by  the  General  Electric  Company  at  Redlands,  San  Bernar- 
dino county,  California;  though  the  distance  of  transmission  is  but 
five  miles.  There  are  two  A.  C.  generators  of  250  K.  W.  each, 
driven  by  four  30-inch  Pelton  water-wheels  at  a  speed  of  600  revo- 
lutions, double  nozzles  to  each  wheel.  The  differential  governor 
described  later  on  in  this  paper,  is  used.     The  generators  carry  a 

*  "Long-Distance  Transmission,"  by  Prof.  George  Forbes,  in  Electricity  (N.  Y.), 
September  20,  1893,  p.  115. 
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potential  of  2450  volts  and  the  motor  about  2150,  the  line-loss  being 
approximately  12  per  cent.  There  are  three  No.  0,  bare  copper 
wires  (insulated  within  the  city  limits)  carried  on  deep-groove, 
double-petticoat  glass  insulators.  This  size  of  wire  permits  a  sub- 
sequent enlargement  of  the  plant.  The  line-poles  are  35  feet  long, 
6  feet  in  the  ground,  and  set  110  feet  apart.  The  one  motor  at  pres- 
ent in  operation,  is  a  synchronous  high-potential  machine,  of  i50 
horse-power,  and  has  continuous  work  to  perform  in  driving  the  ice- 
machines  of  the  Union  Ice  Company.  The  initial  current  in  the 
fields  of  the  motor  is  generated  by  a  small  exciter,  and  the  motor  is 


Fig.  3 
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Fig.  4 


self-starting  only  under  light  load,  the  full  load  being  thrown  on 
after  the  machine  is  up  to  speed.  The  operation  of  this  plant  is 
stated  by  the  manager,  Mr.  H.  H.  Sinclair,  to  be  extremely  satisfac- 
tory in  every  respect. 

The  Genera]  Electric  Company  has  also  a  plant  at  Hartford,  Conn., 
consisting  of  one  300  K.  W.  tri-phase  generator,  transmitting  power 
11  miles  to  one  300  horse-power  synchronous,  self-starting  tri- 
phase  motor.     This  motor  in  turn   drives  500-volt  direct-current 


320        TWELVE-MILE   TRANSMISSION   OF    POWER    BY    ELECTRICITY. 

railway-machinery.  The  voltage  of  the  tri-phase  generator  and 
synchronous  motor  is  500,  and  the  line-voltage  5000,  obtained  by 
means  of  step-up  and  step-down  transformers.  The  Company  states 
that  this  plant  has  been  in  operation  now  something  over  eight 
months,  and  has  given  excellent  satisfaction. 

At  Bodie,  the  distance  of  transmission  (12J  miles)  is  just  at  that 
intermediate  point  where  the  cost  of  transformers  about  equals  the 
difference  in  cost  between  a  No.  1  and  a  No.  6  copper  wire  (it  is 
not  advisable  to  use  any  lighter  wire  than  No.  6,  on  account  of  its 
liability  to  rupture  during  storms).  Hence  it  was  deemed  better  not 
to  use  converters,  since  they  would  only  complicate  the  apparatus, 
without  effecting  a  saving  in  cost.  This  conclusion  seemed  per- 
fectly correct  at  the  time  ;  but  experience  with  the  plant  in  opera- 
tion tends  to  favor  the  use  of  potentials  not  exceeding  2000  volts 
in  machines  of  such  small  capacity. 

Water-Power  Plant. 

An  excellent  water-power  was  found  in  a  mountain  stream  on  the 
north  slope  of  Castle  Peak  in  the  Sierra  Nevada,  known  as  Green 
creek,  and  forming  one  of  the  chief  sources  of  the  East  Walker  river. 
This  stream  carries  400  inches  of  water  during  the  dry  season,  and 
ten  times  that  amount  during  the  time  of  melting  snows. 

An  old  ditch  was  cleared  out  and  rebuilt  for  a  length  of  4570 
feet  and  a  site  was  selected  for  a  power-house,  355  feet  vertically 
below  its  lower  end.  The  ditch  was  made  larger  than  necessary  for 
power-purposes  alone,  with  the  object  of  supplying  other  parties, 
when  there  was  an  excess  of  water. 

The  maps,  Figs.  1  and  2,  give  the  data  with  regard  to  the  ditch 
and  pipe;  and  Figs.  3  and  4  show  the  connecting  flume,  pressure- 
tank  and  waste-weirs.  The  arrangement  of  the  screen  adopted,  while 
it  occasions  a  loss  of  head  of  a  couple  of  feet,  is  greatly  to  be  recom- 
mended where  "  anchor-"  and  slush-ice  form  in  a  ditch  during  cold 
weather. 

The  pipe  is  of  large  diameter,  in  order  to  permit  subsequent  en- 
largement of  the  plant,  and  also  to  reduce  loss  of  head  by  friction. 
It  is  fitted  with  three  2|-inch  air-valves,  to  prevent  collapse  in  case 
of  sudden  rupture,  and  is  anchored  at  proper  intervals  with  straps 
of  1^-inch  round  iron.  The  slip-joints  extend  to  a  vertical  head  of 
220  feet,  the  remainder  of  the  pipe  being  laid  with  collar-and-sleeve 
lead  joints. 

The  pipe  leads  into  a  receiver,  40  inches  in  diameter  and  9h  feet 
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long,  from  which  four  taper-pipes  lead  the  water  on,  under  pressure 
of  152  pounds  per  square  inch,  to  as  many  21-inch  Pelton  water- 
wheels,  each  wheel  being  fitted  with  two  nozzles,  and  rated  at  60 
horse-power  under  the  largest  sized  tips  of  lj-inch  diameter. 
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The  speed  of  the  wheels  is  860  to  870  revolutions,  and  their  shaft 
is  connected  by  an  insulated  rigid  coupling  to  the  armature-shaft  of 
a  120  K.  W.,  A.  C.  generator.     Plate  I.  shows  the  generator  and 
water-wheels  in  operation. 
VOL.  xxiv.— 21 
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Power-House. 

The  accompanying  plan,  Fig.  5,  shows  the  arrangement  of  the 
plant,  one  of  the  most  interesting  features  of  which  is  the  water- 
governor  formerly  known  as  the  "  Doolittle,"  and  now  called  the 
Pelton  differential  governor,  Figs.  6  and  7.  It  operates  butterfly- 
valves  placed  in  the  5-inch  pipes  between  the  gate-valves  and  the 
diverging  nozzles  ;  and  though  this  form  of  valve  invariably  "  throt- 
tles" the  water  to  a  greater  or  less  extent  (according  to  the  position 
of  the  valve),  it  is  a  most  satisfactory  way  of  controlling  the  power 
where  the  same  is  ample,  and  the  loss  due  to  this  cause  is  of  slight 
consequence.     The  governor  operates  as  follows: 

Two  18-inch  pulleys  revolve  loosely  and  in  opposite  directions  on 
a  shaft,  one  being  driven  from  the  water-wheel  shaft  and  the  other 
by  a  No.  2  Pelton  motor.  These  pulleys  have  gears  on  their  hubs 
which  mesh  into  two  other  gear-wheels  carried  on  an  axis  at  right 
angles  to  the  shaft  and  keyed  fast  to  the  latter.  Beyond  these 
wheels  is  a  pinion,  loose  on  the  shaft  and  with  ratchet-teeth  cut  in 
opposite  directions  on  either  side  of  its  hub.  Into  these  ratchet- 
teeth  mesh  corresponding  circular  ratchets,  which  are  keyed  to  the 
shaft  but  free  to  move  longitudinally  along  the  same,  and  are  thrown 
in  or  out  of  gear  by  a  short  lever  and  spring.  The  pinion  engages 
a  sector,  which  is  fastened  to  the  rod  and  levers  that  operate  the 
butterfly  valves,  and  on  the  same  rod  is  a  hand-lever,  by  means  of 
which  the  valves  may  also  be  opened  or  closed  by  simply  throwing 
out  of  mesh  the  circular  ratchets  alluded  to  and  thereby  detaching 
the  governor.  It  is  evident  that  when  the  two  pulleys  are  revolv- 
ing in  opposite  directions  at  exactly  the  same  rate  of  speed,  there 
will  be  no  motion  of  the  central  gear-shaft,  and  none  will  be  com- 
municated to  the  pinion  and  sector  and  thence  to  the  valves,  to  open 
or  close  them  ;  while,  on  the  other  hand,  a  difference  in -speed  of 
these  pulleys  will  have  the  opposite  effect.  The  belts  driving  them 
are  therefore  so  arranged  that  a  decrease  in  speed  of  the  water- 
wheels  will  open  the  valves,  and  an  increase  will  close  them. 

In  starting  up  from  rest,  the  governor  is  detached  by  throwing  out 
the  springs  on  the  ratchets,  and  the  valves  are  operated  by  the  hand- 
lever.  After  the  wheels  are  at  normal  speed  and  the  load  is  on,  the 
ratchets  are  sprung  into  gear  with  the  pinion,  and  the  governor  takes 
care  of  any  and  all  variations,  even  to  a  complete  throwing  off  of  the 
load  by  pulling  the  main-current  plug-switch  at  Bodie.  The  speed 
of  the  governor-pulleys,  as  first  designed,  was  60  revolutions.  This 
was  found  to  be  too  slow,  and  it  was  increased  to  180  revolutions 
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with  most  beneficial  effects,  developing  a  greater  sensitiveness  to 
small  changes  of  load,  and  much  quicker  action,  especially  when  all 
the  load  was  thrown  off  at  once.  In  the  latter  case,  the  increase  in 
speed  of  the  water-wheels  did  not  at  any  time  exceed  12  per  cent, 
before  the  governor  began  to  close  the  valves. 

It  was  further  found  necessary  to  furnish  a  constant  resistance  for 
the  water-motor,  that  drives  one  side  of  the  governor,  to  work  against. 


In  the  original  plan  this  was  to  be  done  by  the  exciter  which  fur- 
nishes current  for  the  fields  of  the  generator  ;  but  on  trial  it  ap- 
peared that  the  load  on  the  exciter  was  too  variable,  and  at  times  too 
great  for  the  little  motor  to  take  care  of.  The  exciter  was  then 
placed  so  that  it  could  be  driven  by  either  a  larger  size  (No.  3)  motor 
or  by  the  water-wheel  shaft-coupling  (see  plan  of  power-house) ;  and 
a  fly-wheel  of  about  1500  pounds'  weight  was  set  to  be  driven  by  the 
smaller  motor  and  insure  its  constant  speed. 


324        TWELVE-MILE   TRANSMISSION    OF    POWER    BY    ELECTRICITY. 

The  great  drawback  to  the  use  of  water-power  for  the  generation 
of  electricity  has  hitherto  been  the  lack  of  a  good  water-governor, 
sufficiently  sensitive  and  quick-acting  to  insure  the  vital  factor  of 
constant  speed  without  bringing  dangerous  strain  on  the  water-pipe. 
In  fact,  in  the  Westinghouse  plant  at  Telluride,  and  in  several  others 
of  which  the  writer  is  aware,  the  "  one-man  automatic  regulator  " 
had  to  be  used ;  i.e.,  a  man  sat  with  his  hand  on  the  lever  of  a  de- 
flecting-nozzle  and  his  eye  fixed  on  a  voltmeter  or  a  tachometer. 
The  above-described  governor  is  so  great  an  improvement  over  this 
system  that  its  operation  has  been  given  in  detail. 

The  generator  is  a  Westinghouse  120  K.  W.,  constant-potential 
12-pole  machine,  and  its  armature-shaft  is  attached  to  that  of  the 
water-wheels  by  a  rigid  coupling,  insulated  by  a  disk  of  oak,  one 
inch  thick  and  soaked  in  oil,  while  the  bolts  are  surrounded  by 
bushings  and  washers  of  insulating-fiber. 

The  initial  current  in  the  lower  half  of  each  field-coil,  or  the 
winding  nearest  the  armature,  is  installed  by  means  of  a  type  "  G," 
D.  C.  exciter.  The  secondary  winding  on  the  armature-spokes  of 
the  dynamo  generates  current  when  the  machine  is  under  load, 
which  is  led  to  a  12-bar  commutator  on  the  armature  shaft  and 
thence  to  the  compensating-winding  which  occupies  the  upper  half 
of  each  field-bobbin. 

As  the  load  on  the  generator  increases,  more  current  flows 
through  its  armature-coils,  and  through  a  primary  winding  on  the 
armature-spokes,  thereby  inducing,  in  the  secondary  winding,  a 
heavier  current,  which,  being  led  to  the  magnetic  field  as  described, 
proportionately  strengthens  the  same.  When  the  generator  is  run- 
ning without  load,  there  being  little  or  no  current  in  its  armature- 
coils,  none  is  induced  in  the  secondary  winding,  and  the  compensa- 
ting-winding on  the  fields  is  without  magnetic  effect  until  the  latter 
is  required  by  work  to  be  performed. 

The  potential  of  the  generator  under  full  load  is  3530  volts,  but 
at  present  it  is  operating  with  about  3390.  The  exciter  carries  a 
voltage  of  105  to  112.  A  D.  C.  voltmeter,  recently  placed  on  the 
switchboard  to  the  left  of  the  ground-detector  and  above  the  small 
rheostat,  is  in  the  main  circuit  of  the  exciter,  recording  the  tension 
of  its  current  and  serving  as  a  speed-indicator  when  the  machine  is 
driven  by  the  No.  3  motor.  This  is  not  necessary  when  driving 
from  the  wheel-shaft,  as  is  sometimes  done  in  winter,  when  pieces  of 
ice  give  trouble  in  the  small  nozzle  of  the  motor. 

Plate  II.  shows  the  generator-switch-board  at  the  power-house. 
The  generator-current   is   led   from  the  collector-rings  on  the  ex- 
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trerae  end  of  the  armature-shaft  to  the  plug-sockets  on  the  switch- 
board ;  and  when  the  line-plugs  are  in  these,  the  current  follows  the 
line  to  two  similar  sockets  on  the  motor-switch-board.  The  small 
converter  in  the  upper  middle  of  the  switch-board  has  a  transform- 
ing ratio  of  30  to  1.  Its  primary  coil  is  attached  to  the  main-cur- 
rent wires  from  the  generator,  and  its  secondary  to  the  A.  C.  volt- 
meter, immediately  below  it.  A  potential  of  113  volts  on  the 
voltmeter  is,  therefore,  equivalent  to  3390  volts  on  the  dynamo- 
current,  which  is  the  tension  under  normal  load.  The  voltmeter 
does  not,  however,  read  113  volts,  but  records  100  to  102  volts,  the 
difference  being  due  to  the  compensator  (the  instrument  showing  in 
the  upper  left-hand  corner  of  the  switch-board  and  connected  with 
the  voltmeter),  the  object  being  to  reduce  the  reading  by  an  amount 
about  equal  to  the  line-loss.  This  loss  is  estimated  at  15  per  cent, 
under  maximum  load,  and  is  but  from  8  to  10  per  cent,  under  nor- 
mal load,  as  will  be  shown  later  on. 

The  ammeter,  and  just  below  it  the  aluminum  fuses,  all  of  which 
are  in  the  main  circuit,  are  shown  to  the  left  of  the  voltmeter  in  the 
view  of  the  generator-switch-board. 

Immediately  to  the  left  of  the  main-line  plug-switches  is  the 
ground-detector  with  two  lamps,  one  for  each  leg  of  the  line,  and 
each  lamp  with  its  converter  behind  it.  This  instrument  has  not  as 
yet  shown  itself  to  be  of  any  great  usefulness,  since  the  static  effect 
of  the  line  is  sufficient  to  burn  the  lights  with  a  dull  red  glare  on 
making  the  ground-connection  with  the  press-button,  while  any  more 
serious  ground  on  the  line  than  one  sufficient  to  give  such  a  red 
light  on  the  filaments  would,  in  all  probability,  make  itself  felt 
quickly  enough  in  the  machines,  without  necessitating  recourse  to  the 
detector  to  discover  it. 

The  two-pole  jaw-switch  to  the  left  of  the  switch-board  is  in  the 
circuit  from  the  exciter  to  the  generator-fields,  as  are  also  the  two  fuses 
and  the  rheostat  immediately  below  it.  The  small  rheostat  to  the 
right  of  the  fuse-blocks  and  the  single  pole-switch  below  it  are  in  the 
shunt-field-circuit  of  the  exciter.  By  means  of  these  two  rheostats 
the  potential  of  the  generator  is  governed  and  the  voltmeter  kept 
at  its  proper  reading,  the  large  rheostat  in  the  exciter  and  generator 
field-circuit  permitting  a  quick  regulation  over  a  wide  range,  and 
the  shunt-rheostat  a  finer  and  closer  adjustment  of  the  voltage. 

When  starting  up  the  plant,  one  attendant  stands  at  the  lever,  con- 
trolling the  admission  of  water  to  the  wheels  through  the  butterfly- 
valves  and  the  other  at  the  switch-board,  handling  these  two  rheostats 
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(most  of  the  regulation  is  done  by  the  large  one),  until  the  motor  is 
in  synchronism  and  at  work,  when  the  governor  is  thrown  into  gear, 
the  voltage  is  finally  adjusted,  and  the  mechanism  is  then  practically 
self-regulating  for  all  ordinary  changes  of  load.  If,  for  instance,  10 
of  the  20  stamps  are  to  be  hung  up,  or  any  or  all  of  the  8  con- 
tinuous-pans in  the  mill  are  to  be  stopped,  it  is  never  necessary  first 
to  give  word  to  the  attendant  at  the  power-house.  The  governor 
takes  charge  of  such  changes,  even  to  the  entire  throwing  off  of  the 
load,  as  before  remarked.  All  the  bearings  of  the  generator  and 
water-wheel  shafts  and  of  the  exciter  are  self-oiling.  The  attendant 
has  merely  to  keep  on  the  qui  vive  and  see  that  all  is  running 
smoothly.  Any  change  in  tone  of  the  hum  of  the  dynamo  warns 
him  at  once  of  a  change  of  conditions,  the  tone  rising  or  falling  ac- 
cording as  the  speed  increases  or  diminishes,  though  ever  so  slightly. 

To  insure  the  all-important  factor  of  constant  speed,  a  tachometer, 
registering  to  1200  revolutions,  is  belted  to  the  water-wheel  and 
dynamo-shaft,  Its  dial  faces  the  water-wheels,  so  that  the  attend- 
ant at  the  valve-lever  can  readily  maintain  a  uniform  speed  during 
the  operation  of  "synchronizing"  the  motor  and  starting  the  mill,  at 
which  time  the  load  is  constantly  varying. 

In  front  of  the  two  jaw-switches  on  the  switch-board,  there  will 
be  noticed,  in  the  view  of  the  latter,  two  steel  springs  and  also  two 
cords  attached  to  the  handle  of  the  large  rheostat.  These  cords  are 
led  around  the  side  of  the  building  to  the  attendant's  place  at  the 
valve-lever,  as  are  also  those  that  release  the  catches  of  the  springs. 
A  pull  on  these  cords  opens  the  exciter  main-  and  shunt-circuit  in- 
stantly, and  puts  in  the  entire  resistance-box,  thereby  "killing"  the 
fields  of  the  generator  and  preventing  any  dangerous  rise  in  electro- 
motive force,  should  the  load  be  suddenly  thrown  off  by  a  break  in 
the  wire-line,  or  other  accident  causing  a  sudden  increase  in  the  speed 
of  the  armature-shaft.  It  should  be  explained  that  this  arrangement 
was  devised  by  the  writer,  before  the  speed  of  the  governor  was 
trebled,  the  constant-resistance  fly-wheel  was  put  in  and  other 
changes  were  made,  giving  more  sensitive  and  perfect  control  of  the 
water-power;  and  it  is  left  in  place  because  it  might  still  be  of  use 
in  case  of  emergency.  The  power-house  is  lit  by  a  small  10-1  ight 
converter  attached  to  the  generator-circuit. 

Wire-Line. 

The  length  of  the  line  is  67,760  feet,  or  12.46  miles.  The  poles 
are  of  round  tamarack  timber,  21  feet  long,  6  inches  in  diameter  at 
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Deep  groove  Double-Petticoat 
Glass  Insulator.      Half  Size. 


Westinghouse    "Pomona"   Double-Petticoat 
Glass  Insulator.       Half  Size. 

Line    Details. 
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the  top,  set  4  feet  in  the  ground  ;  poles  25  feet  long  being  used  through 
the  town,  and  along  the  line  wherever  there  is  danger  of  deep  snow- 
drifts. They  are  placed  100  feet  apart,  and  fitted  each  with  a  4-  by 
(5-inch  cross-arm,  boxed  into  the  pole,  and  held  by  one  bolt  and 
one  lag-screw.  The  accompanying  sketch,  Fig.  8,  shows  the  detail. 
The  object  of  chamfering  the  ends  of  the  cross-arms  is  to  leave  less 
room  for  the  lodging  of  snow  under  the  insulator. 

The  line  crosses  extremely  rough  country,  not  500  yards  of  which 
is  level  beyond  the  town-limits.  Most  of  the  ground  is  very  rocky, 
over  500  pounds  of  dynamite  being  used  in  blasting  the  pole-holes. 

Fig.  12. 


Pole  No.  40;  4000  feet  from  Mill. 
(Wire  is  17  feet  above  ground  at  pole.     Snow-drift  15  feet  deep,  March,  1893.) 

The  wire  is  of  No.  1  (B.  &  S.)  gauge,  soft-drawn  bare  copper,  and 
is  attached  to  standard  double-petticoat  deep-groove  glass  insulators, 
Fig.  10,  carried  on  Klein  patent  iron  pins,  Fig.  9.  The  distance 
between  the  wires  is  3  feet  8  inches,  and  there  are  over  16.5  tons  of 
copper  in  the  line.  The  only  objection  found  to  the  iron  pins  is  their 
liability  to  be  withdrawn  from  the  cross-arm  during  a  gale  of  wind, 
wherever  there  is  an  upward  pull  on  the  wire.  To  obviate  this,  a 
number  of  pins  were  drilled  with  a  ^-inch  hole  near  the  end,  <ind  in 
all  such  places  these  were  used,  and  held  firm  by  driving  a  wire  nail 
through  them. 

The  wire  was  first  attached  to  the  insulators  by  tie-wires  of  No. 
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10  galvanized  iron  wire.  Later  it  was  found  advisable  to  insulate 
the  line-wire  at  the  insulators,  and  for  this  purpose  ordinary  sheet- 
rubber  ^-inch  thick,  such  as  is  used  for  gaskets,  was  cut  into  strips 
1.5  inches  wide  and  12  inches  long.  These  were  wound  spirally 
about  the  wire  and  held  in  place  by  two  close  wrappings  of  Manson's 
tape.  The  whole  was  then  well  daubed  with  asphalt  paint,  and  the 
insulated  wire  re-attached  to  the  insulators  by  tie- wires  of  No.  6, 
weather-proof  copper  wire. 

The  line  crosses  a  number  of  very  steep  ridges  (from  300  to  800 
feet  in  height)  and  on  these  the  wire  necessarily  pulls  heavily  on  the 
top  pole,  and  especially  on  its  pins  and  insulators.  In  all  such  places 
the  ordinary  doubJe-petticoat  insulators  were  replaced  by  the  large 
"Pomona"  insulator,  Fig.  11,  on  which  the  wire  is  carried  in  a  groove 
across  the  top,  and  its  weight  is  therefore  directly  down  upon,  and 
in  line  with  the  center  of,  the  pin. 

The  line  has  given  no  trouble  whatsoever,  and  has  carried  the 
high  potential  of  3000  volts  without  a  leak,  even  during  a  severe 
storm  of  ten  hours'  duration,  the  rain  changing  to  sleet  and  ice  toward 
the  end  ;  but  this  severe  test,  it  m'ust  be  admitted,  occurred  after  the 
wire  had  been  wrapped  at  the  insulators  as  described.  In  fact,  one 
of  the  chief  objects  of  this  insulation  was  to  render  the  line  proof 
against  just  such  a  storm  as  this,  Snow-storms  have  no  effect  what- 
ever. 

Motor-Room. 

The  motor  that  drives  the  stamp-mill  of  the  Standard  Consoli- 
dated Mining  Company  at  Bodie,  is  an  A.  C.  synchronous  constant- 
potential  machine  of  120  horse-power.  The  mill  contains  twenty 
750-pound  stamps,  4  wide-belt  (6  feet)  Frue  Vanners,  8  continuous- 
process  amalgamating-pans  (two  of  which  are  constantly  grinding), 
3  settlers,  1  agitator,  1  pan  and  settler  devoted  to  the  amalgamation 
of  concentrates,  a  bucket-elevator,  a  worm-gear  hoist  and  a  rock- 
crusher.  In  order  to  determine  accurately  the  capacity  of  motor 
required,  a  number  of  cards  were  taken  with  the  Tabor  indicator 
from  the  20-  by  36-inch  steam-engine  that  drove  the  mill,  showing 
an  average  of  90  and  a  maximum  of  101 1  horse-power. 

The  fields  of  the  motor  are  self-exciting  through  a  secondary 
winding  on  the  teeth  of  the  armature,  the  current  being  led  to  a 
12-bar  commutator  similar  to  that  on  the  generator.  In  fact  the 
motor  is  almost  identical  with  the  generator,  the  chief  difference 
being  in  the  compensating-wiuding  on  the  field-bobbins  of  the 
latter. 
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On  the  armature-shaft  of  the  motor  is  a  friction-wheel,  and  be- 
yond this  a  clutch,  which  is  used  to  set  in  motion  the  driving-pulley 
and  the  machinery  of  the  mill.  On  the  same  bed-plate  with  the 
motor  is  a  small  10  horse-power  Tesla  starting-motor,  with  a  wooden 
pulley  on  its  shaft,  that  is  brought  to  bear  against  the  friction-wheel 
mentioned  by  means  of  a  screw  and  hand-wheel.  This  Tesla  motor 
consists  simply  of  field-coils  and  an  armature;  it  has  neither  brushes, 
nor  commutator,  nor  sliding  contacts  of  any  kind.  The  alternating 
current  is  led  directly  into  the  fields,  the  stationary  element,  the  coils 
of  which,  being  connected  in  series,  produce  a  rotating  magnetic  field, 
in  that  each  pole  is  alternately  positive  and  negative.  The  starting- 
torque  of  the  armature  is  in  consequence  very  low,  and  it  has  to 
receive  several  rapid  turns  by  hand  before  putting  on  the  current, 
after  which  it  generally  runs  up  to  normal  speed  (1660  revolutions) 
within  a  minute.     Plate  III.  shows  the  motor  in  operation. 

Turning  our  attention  to  the  switch-board,  shown  in  Plate  IV., 
the  two  plugs  in  the  sockets  on  the  right  of  the  board  are  the  line- 
plugs,  and  the  two  to  the  left  of  them,  in  their  rests,  are  the  starting- 
motor  plugs.  When  the  line-plugs  are  in  their  sockets,  the  current 
is  led  directly  to  the  top  of  the  upper  jaw-switch,  and  this  switch  is 
never  closed  until  the  machines  are  in  synchronism.  The  wires 
from  the  bottom  of  this  switch  lead  directly  to  the  collector-rings 
on  the  armature-shaft  of  the  motor. 

In  the  upper  right-hand  of  the  board  is  the  Wurts  lightning- 
arrester,  consisting  of  22  spools,  11  on  a  side,  separated  each  by  a 
distance  of  -g-V^-inch. 

Both  legs  of  the  wire-line  are  attached  to  the  arrester,  one  on  each 
side  at  the  top,  while  the  ground-wire  leads  from  the  bottom  spools 
to  a  water-pipe  in  the  earth.  The  spools  are  made  of  a  patent 
non-arc-ing  metal,  and  it  is  claimed  that  the  dynamo  current  will 
therefore  not  follow  the  path  through  them  made  by  a  discharge  of 
high-tension  atmospheric  electricity. 

To  the  left  of  this  instrument  are  two  converters  of  the  ratio  of 
30  to  1,  filled  with  paraffme  oil.  The  primary  coil  of  the  right- 
hand  one  is  connected  to  the  main  line  just  above  the  plug-sockets, 
and  that  of  the  left-hand  converter  is  connected  to  the  motor-circuit, 
i.e.,  the  wires  leading  from  the  collector-rings  on  the  armature-shaft 
to  the  bottom  of  the  upper  jaw-switch  ;  it  being  understood  that  the 
motor  acts  as  a  generator  when  being  driven  by  the  starting- 
motor. 

The  secondary  of  the  line-current  converter  goes  to  the  top  posts, 
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marked  G,  of  the  synchronizer  (the  marble  plate  with  four  lamps  on 
it  to  the  extreme  left  of  the  board),  one  leg  being  first  carried  through 
the  right-hand  side  of  the  lower  jaw-switch.  When  the  line-plugs 
are  in,  therefore,  and  this  switch  is  closed,  the  top  light  of  the  syn- 
chronizer will  always  be  burning  while  the  generator  at  the  power- 
house is  in  operation. 

The  secondary  of  the  motor-current  converter  is  carried  directly 
to  the  bottom  posts,  marked  M,  of  the  synchronizer,  the  two  middle 
lamps  of  which  are  connected  in  series  with  the  motor-  and  generator- 
currents. 

The  field-circuit  of  the  motor  is  carried  to  the  switch-board,  and 
in  it  are  placed  the  large  rheostat,  the  left-hand  ammeter,  and  the 
left-hand  side  of  the  lower  jaw-switch.  The  closing  of  this  switch 
and  an  adjustment  of  the  rheostat  will  therefore  cause  the  lower 
light  on  the  synchronizer  to  burn,  whenever  the  motor  is  being  run 
as  a  generator,  as  is  the  rase  when  it  is  being  driven  by  the  starting- 
motor.  The  aluminum  fuses  showing  below  the  converters  are  in 
the  main  line  before  it  reaches  the  jaw-switch,  as  is  also  the  ammeter 
just  below  them,  which  instrument  should,  and  does,  record  the  same 
volume  of  current  as  its  fellow  in  the  power-house. 

To  start  the  motor  requires  two  men,  one  to  handle  the  starting- 
motor,  and  the  other  at  the  switch-board.  The  line-plugs  are  put 
in,  which  leads  the  main  current  to  the  top  of  the  synchronizing- 
switch,  and  the  lower  jaw-switch  is  thrown  in,  which  closes  the 
field-circuit  of  the  motor,  and  the  secondary  of  the  main-line  or  gen- 
erator-converter, thereby  lighting  the  upper  lamp  of  the  synchronizer. 
The  armature  of  the  starting-motor  is  turned  a  few  times  by  hand, 
and  the  two  left-hand  plugs  are  then  pushed  into  their  sockets,  lead- 
ing the  current  from  the  main  line  to  the  fields  of  this  motor. 

Immediately  upon  doing  this,  the  main-current  ammeter  records 
30  amperes,  and  the  needle  stays  at  this  reading  until  the  starting- 
motor  is  up  to  speed,  when  it  drops  quickly  to  18  to  20  amperes. 
It  takes  from  50  to  70  seconds  for  the  starting-motor  to  reach  full 
speed,  after  which  its  friction-wheel  is  brought  to  bear  against  that 
of  the  main  motor,  and  the  armature  of  the  latter  begins  to  revolve. 
During  this  time  the  synchronizing-switch  (the  upper  jaw-switch)  is 
open,  and  all  the  resistance- coils  of  the  rheostat  are  left  in  the  field- 
circuit,  in  order  that  the  armature  may  more  easily  be  brought  up 
to  speed,  by  preventing  the  flow  of  current  in  the  same. 

As  soon  as  the  armature  is  above  speed,  about  two-thirds  of  the 
rheostat  is  thrown  out,  permitting  40  to  50  amperes  of  current  to 
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The  mill  and  offices  of  the  company  are  lit  by  100-volt  incandes- 
cent lamps,  taking  current  from  a  large  100-light  converter,  ratio  30 
to  1,  which  is  attached  to  the  main  line  in  the  motor-room,  before  it 
reaches  the  switch-board.  The  light  is  very  satisfactory,  even  to 
read  or  write  by,  although  at  times  the  lamps  flicker  slightly,  due 
to  small  changes  of  load.  This  variation  of  intensity  is  of  course 
unavoidable  where  the  lighting-current  is  taken  direct  from  a  power- 
circuit;  but,  in  the  present  case  at  least,  is  not  sufficiently  notice- 
able to  cause  inconvenience. 

During  normal  operation  of  the  plant,  the  field-ammeter  of  the 
motor  is,  by  means  of  the  rheostat,  kept  steadily  at  52  amperes, 
while  with  full  load  on  the  mill  the  main-current  ammeter  registers 
from  23  to  25  amperes.  The  needle  oscillates  over  a  range  of  4  to 
6  amperes,  showing  considerable  variation  of  load,  due  undoubtedly 
to  slipping  of  the  belts,  unequal  resistance  of  the  grinding-pans,  rock- 
crusher,  etc.,  so  that  it  is  difficult  to  read  this  ammeter  closely, 
either  at  the  generator  or  at  the  motor. 

The  average  amperes  of  current  can  be  very  closely  approximated, 
however,  as  was  done  in  the  tabulated  readings  given  below,  which 
were  taken  with  the  object  of  determining  the  line-loss,  and  with  the 
aid  of  Mr.  H.  M.  Reed,  the  efficient  engineer  of  the  Westinghouse 
Electric  and  Manufacturing  Company,  who  installed  and  first 
operated  this  apparatus. 

The  readings  were  taken  simultaneously  at  power-house  and 
motor-room,  by  means  of  the  telephone,  and  the  figures  given  are  the 
averages  of  five  or  six  consecutive  observations.  There  being  no 
voltmeter  on  the  motor-switch-board,  a  Weston  portable  voltmeter 
was  used,  the  wires  being  attached  to  the  lower  posts  on  the  syn- 
chronizer. 

The  table  is  merely  a  rough  approximation  of  the  efficiency  of 
the  transmission,  there  being  no  instruments  at  hand  for  close  work, 
such  as  the  measurement  of  the  wheel-shaft  energy,  or  the  determi- 
nation of  the  true  efficiency  of  the  motor  and  generator.  This 
efficiency  is  taken  in  the  table  at  90  per  cent.,  the  Westinghouse 
Company  claiming  as  high  as  96  per  cent,  for  its  machines  under 
full  load.  This  load  it  is  impossible  to  give  them  at  present,  as  full 
mill-load  represents  but  75  to  80  per  cent,  of  their  capacity. 

It  will  be  noticed  that,  as  the  dynamo  and  motor  approach  their 
rated  capacity,  the  efficiency  of  the  transmission  increases.  The  line- 
loss  is  undoubtedly  light  for  even  so  moderate  a  current;  but  the 
fact  that  the  tests  were  made  in  the  winter,  when  the  temperature 
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along  the   line  was  below  freezing,  may  have  some  bearing  upon 
this  point. 

From  the  foregoing  description,  it  will  be  seen  that  the  operation 
of  starting  the  motor  is  one  requiring  considerable  practice.  The 
proper  setting  of  the  brushes  on  the  commutator  of  the  motor- 
armature  is  also  a  knack  acquired  only  by  experience;  and  for  a 
a  while  considerable  trouble  was  caused  by  undue  sparking  at  these 
brushes.  Experience  on  the  part  of  the  attendants,  has  entirely 
overcome  this;  but  it  has  been  found  necessary  to  use  two  commuta- 
tors, keeping  one  always  turned  and  polished  ready  for  use,  and 
changing  them  usually  after  25  to  30  days  of  steady  operation. 

In  order  to  stop  the  motor,  the  load  is  thrown  off  by  means  of  the 
clutch,  and  the  line-plug  is  then  pulled.  Should  the  plug  be  pulled 
without  first  throwing  off  the  load,  a  momentary  rise  in  electro-motive 
force  may  follow,  sufficient  to  damage  an  armature-coil.  This  has 
happened  once  in  our  experience  ;  and  the  very  high  potential  was 
vividly  shown  by  the  discharge  through  the  lightning  arresters  at 
both  ends  of  the  line. 

The  dependence  of  the  motor-speed  upon  the  alternations  of  the 
generator  is  very  prettily  shown,  when,  without  pulling  the  line- 
plugs,  the  machines  are  stopped  by  shutting  off  the  water  on  the 
wheels.  The  motor  then  slows  down  in  exact  accordance  with  the 
generator,  and  is  at  rest  within  half  a  minute  or  so;  whereas,  when 
the  plug  is  pulled  in  the  usual  way,  the  motor-armature  will  revolve 
for  several  minutes  from  its  own  momentum,  before  coming  to  a  stop. 

The  first  trials  of  this  plant  last  summer  developed  electrical 
defects  resulting  in  accidents  more  or  less  serious  to  both  machines; 
and  Messrs.  Reed  and  Winslow,  Westinghouse  engineers,  deserve 
much  credit  for  the  manner  in  which  they  met  and  conquered  these 
difficulties.  There  was  no  trouble  with  the  wire-line, — it  has  carried 
the  3000-volt  current  through  all  kinds  of  weather — but  the  current 
succeeded  in  escaping  at  the  machines  themselves,  through  A.  C. 
brush-holders,  and  armature-coils,  and  even  at  the  synchronizing 
jaw-switch.  In  almost  every  instance,  the  remedy  was  heavier  insu- 
lation at  the  point  of  escape,  resulting  almost  invariably  in  a  cure  of 
the  evil. 

It  is  probably  more  advisable  on  machines  of  this  size  to  use  a 
potential  not  exceeding  2000  volts,  or,  if  the  length  of  the  transmis- 
sion necessitates  a  higher  tension  in  order  to  avoid  excessive  cost  of 
copper,*  then  to  use  step-up  and  step-down  transformers. 

*  For  amounts  and  cost  of  copper  per  mile  and  per  horse-power  transmitted,  see 
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Motor-Switchboard.    Clutch-wheel  in  left  foreground.     Motor  in  Operation. 
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This  plant  has  accomplished  several  unbroken  runs,  day  and  night, 
one  of  thirteen  days'  and  another  of  twenty  days'  duration,  but  lat- 
terly it  has  been  operated  more  intermittently,  on  account  of  the 
mill  being  run  upon  only  half-time.  During  December,  1893,  the 
plant  was  started  twenty-three  times  in  twenty-one  days,  and  in 
January  eleven  times  in  as  many  days  (in  accordance  with  the  re- 
quirements of  the  milling  work),  these  daily  startings  being  an  ex- 
cellent test  on  both  the  starting-motor  and  machines,  as  at  such  times 
the  differences  in  potential,  and  consequently  the  strain  on  the  insu- 
lation, are  likely  to  be  a  maximum. 

The  entire  cost  of  this  plant  does  not  exceed  $38,000,  while  its 
operation  during  the  month  of  October  alone  effected  a  saving  of 
$2100,  equivalent  to  $1.46  per  ton  of  ore  crushed,  and  reducing  the 
total  milling-cost  to  $2.32  per  ton  ;  a  fairly  low  figure  for  a  high- 
priced  camp  (wages  $4  per  day),  such  as  Bodie. 

At  present  the  plant  is  operating  most  smoothly,  and  is  success- 
fully demonstrating  the  effectiveness  and  simplicity  of  the  single- 
phase  synchronous  system  for  such  work  and  distances,  while  the 
daily  saving  over  the  use  of  steam,  on  twelve-hour  runs,  is  from 
$35  to  $40. 

The  writer  takes  pleasure  in  acknowledging  the  aid  of  his  assist- 
ant, Mr.  R.  C.  Turner,  E.M.,  in  the  preparation  of  the  accompanying 
drawings. 

Postscript. 

Since  the  presentation  of  the  foregoing  paper  in  February,  1894, 
four  months  ago,  this  plant  has  continued  in  successful  and  satis- 
factory operation.  An  acoustic  synchronizer  has  been  added  to  the 
phase-lamp  device  on  the  motor  switch-board,  and  has  proved  a  great 
aid  in  the  operation  of  synchronizing  the  machines.  In  fact,  it  is  an 
extremely  rare  occurrence  for  the  motor-attendant  to  miss  the  mo- 
ment of  synchronism. 

A  few  minor  changes  have  been  made,  such  as  the  replacing  of  the 
oak  insulation,  in  the  coupling  of  the  generator  and  water-wheel 
shafts,  by  a  hard-rubber  disk,  projecting  about  an  inch  beyond  the 
flanges  of  the  coupling.  This  was  found  necessary  on  account  of  the 
splitting  of  the  oak  disk,  giving  surface  for  the  passage,  through  the 
coupling  to  ground,  of  high-tension  electricity,  with  which,  during 

paper  by  Mr.  Hasson  before  cited  ;  also  pamphlet  on  "  Long  Distance  Transmission 
of  Power,"  by  L.  B.  Stillwell,  E.E.,  issued  by  the  Westinghouse    Electric  and 
Manufacturing  Company. 
VOL.  xxiv. — 22 
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wind-storms,  the  wire-line  is  sometimes  charged  from  the  atmos- 
phere. 

By  the  use  of  lower-voltage  lamps  in  the  ground-detector  on  the 
generator  switch-board,  and  a  change  in  the  ground-wire  attachment, 
this  instrument  has  been  greatly  improved ;  and,  while  no  "  grounds" 
have  yet  occurred  on  the  line,  there  is  no  doubt  that  the  detector  is 
now  in  shape  to  indicate  such  with  accuracy.  "Without  the  ground- 
connection  made,  the  lamps  now  show  a  red  light  on  the  filaments, 
due  to  the  difference  in  potential  of  the  two  sides  of  the  line ;  and, 
should  a  "ground  "  occur  on  either  leg,  the  corresponding  lamp  im- 
mediately burns  at  full  candle-power,  while  the  other  lamp  propor- 
tionately diminishes. 

The  only  trouble  now  experienced  with  this  plant,  comes  from  an 
extraneous  source,  common,  in  a  greater  or  less  degree,  to  all  electri- 
cal plants  throughout  the  world,  namely,  occasional  incursions  of 
lightning  during  thunder-storms;  or  from  another,  more  local  cause, 
already  alluded  to,  namely,  discharges  of  static  electricity,  due  to  a 
gradual  charging  of  the  line  from  a  highly  charged  atmosphere, 
during  wind-storms. 

These  have  several  times  caused  the  burning-out  of  armature- 
coils  ;  but  this  matter  is  not  as  serious  as  it  may  seem,  since  but  a 
couple  of  hours  are  required  to  repair  such  damage.  To  put  in  a 
new  coil,  the  top-half  of  the  field  of  the  machine,  weighing  about  two 
tons,  is  swung  off  by  means  of  differential  blocks  and  an  overhead 
trolley  ;  the  burnt  coil  is  cut  out  with  a  hack-saw;  the  new  coil  is 
slipped  over  the  tooth  and  squeezed  into  place  by  means  of  specially- 
made  geared  clamps ;  the  connections  are  soldered,  taped,  and 
painted  ;  and  the  top-field  is  then  replaced  in  position. 

A  proper  arrangement  of  lightning-arresters  and  impeding  or 
"choke"  coils,  now  being  introduced,  bids  fair  to  protect  the  ma- 
chines entirely  against  all  danger  from  lightning;  while  the  ground- 
ing of  the  wire-line  at  each  end  through  inductive  resistance,  suf- 
ficiently high  to  prevent  any  appreciable  loss  of  current,  will  pre- 
vent damage  from  these  static  charges,  as  they  will  be  leaked  to  earth 
as  fast  as  accumulated,  and  without  the  occurrence  of  disruptive  dis- 
charges. 
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SOLIDS  FALLING  IN  A  MEDIUM— II. 

A  Critical  Examination  of  the  Theory  and  Method 
Applied  by  Kittinger,  and  the  Resulting  Formulas. 

BY  F.  M.  F.  CAZIN,  HOBOKEN,  N.  J. 

(  Bridgeport  Meeting,  October,  1894.) 

In  my  first  paper,  relating  in  general  to  the  movement  of  solids  in 
a  medium,  I  stated  a  newly-discovered  natural  law,  and  explained 
its  application  to  mechanical  ore-concentration.  This  law,  as  applied 
primarily  to  the  motion  of  ships  in  water,  had  been  announced,  dem- 
onstrated and  defended  by  me  in  the  Journal  of  the  Franklin  Institute 
for  March,  April  and  May,  1893,  and  has  not  been  controverted 
since  then.  I  therefore  contented  myself  in  my  first  paper  with  the 
simple  statement  of  it ;  and  in  order  to  avoid  unnecessary  repetition, 
I  refer  the  readers  of  this  paper  to  that  statement  (ante,  p.  81)  and 
to  the  earlier  publication  already  mentioned.* 

*  I  may  be  permitted  to  recommend  the  following  simple  ocular  demonstration 
of  this  newly-expressed  law  of  the  displacement  of  a  medium,  in  inverse  direction 
and  in  measurable  quantity,  by  the  movement  of  a  solid  therein.  The  illustration 
primarily  applies  to  a  ship's  motion. 

Cut  in  the  face  of  a  planed  board,  representing  the  medium,  water,  a  triangular 
groove  to  represent  the  travel  of  the  submerged  part  of  a  ship.  Fit  into  this  groove 
a  removable  triangular  rod,  restoring  the  surface  of  the  board.  Let  the  rod  be  cut 
into  equal  fractions  of  its  length,  one  of  these  pieces  being  colored  to  distinguish  it 
from  the  rest,  and  let  this  colored  piece,  representing  the  immersed  part  of  the  ship, 
be  placed  in  one  end  of  the  groove,  the  remaining  pieces  filling  the  rest  of  the 
groove.  The  colored  piece  may  now  be  shifted  into  the  place  of  the  next,  inter- 
changing position  with  it,  thus  representing  the  travel  of  the  ship  for  a  distance 
equal  to  its  own  length,  and  the  restoration  of  the  surface  of  the  medium  behind  it 
by  displacement  and  replacement.  Such  interchange  between  the  piece  represent- 
ing the  ship's  bottom  and  the  successive  fractions  of  the  medium  confronting  it  in 
its  progress  may  be  repeated  until  the  ship-piece  has  reached  the  other  end  of  the 
groove. 

Instead  of  a  groove  and  rod  of  uniform  transverse  section,  a  series  of  adjoining 
indentions  of  uniform  ship-shape  may  be  made  and  filled  with  corresponding  pieces 
so  as  to  restore  the  surface,  one  of  these  pieces  representing  the  ship's  bottom,  and 
the  others  fractions  of  the  medium,  as  before,  and  the  ship  being  made  to  interchange 
places  with  these  fractions  in  its  road  of  travel.  On  either  plan,  to  represent  the 
case  truly,  the  fractions  must  all  have  the  same  volume  (weight)  and  the  same 
length  (d),  and  when  pieces  of  a  triangular  rod  are  used,  the  transverse  section  of 
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From  the  law  thus  slated,  which  is  equally  applicable  to  the  mo- 
tion of  solids  in  any  direction  in  a  resisting  medium,  I  deduced  for 
tlu'  ultimate  maximal  velocity  of  a  solid  of  any  form,  falling  in  water 
or  any  other  medium,  the  formula, 

in  which  C  is  the  said  velocity  per  second,  expressed  (like  d  and  g) 
in  meters;  d,  the  length  of  the  solid,  measured  in  the  direction  of 
relative  motion;  g,  the  acceleration  due  to  gravity  per  second;  and 
o  the  specific  gravity  of  the  solid,  that  of  the  medium  being  taken 
as  the  unit. 

P.  von  Rittinger  had  already  presented  a  different  formula,  for 
the  case  of  a  spherical  solid  falling  in  water,  namely, 


o=  \~L.  d.(d-i) 

in  which  c  is  the  velocity;  j  the  metric  ton  of  1000  kilos;  d,  the 
diameter  of  the  sphere  (equivalent,  therefore,  for  this  case,  to  my  d, 
the  length  of  the  solid  measured  in  the  direction  of  relative  motion); 
d  the  specific  gravity  of  the  solid,  as  in  my  formula,  and  a3  the  re- 
sistance in  kilogrammes  offered  by  the  medium  per  square  meter  of 
the  maximal  cross-section  of  the  sphere. 

Jt  is  the  purpose  of  the  present  paper  to  determine  the  difference 
between  these  two  formulas,  and  to  point  out  their  origin  and  nature. 

Criticism  of  Rittinger,  heretofore  directed  to  alleged  delects  in  his 
results,  has  not  offered  any  substitute  for  his  valuable  pioneer  dis- 
cus-ion or  for  his  various  formulas.  Thus,  to  take  as  an  instance 
the  earliest,  severest,  and  perhaps  ablest  of  his  critics,  Julius 
von  Sparre,*  a  royal  Prussian  mining  counsellor,  pointed  out,  that 
Rittinger's  theoretical  development  of  the  law  of  motion  in  submer- 
sion was  confessedly  dependent  upon  experimental  coefficients  for 
any  value  it  might  claim  in  the  art  of  ore-concentration  ;  and  that 
it  omitted  altogether  to  take  into  consideration  the  counter-pressure 

tli  e  rod  should  represenl  1!-=-  d  (volume  divided  by  length  in  the  direction  of  travel) 
of  the  immersed  part  of  the  ship. 

A  thorough  mathematical  digestion  of  the  facts  thus  illustrated  tvill  render  proof 
of  the  law  as  stated  by  me,  so  far  as  real  final  displacement  is  concerned  (see  para- 
graph (4)  of  my  first  papi  i 

'    Zur  Theorie  </■  ■  on  oder  kritische  Bemerkungen  zu  von  Rittinger's  Lehr- 

buck  der  Avjbereilungskunde,  Oberhausen,  1- 
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of  the  medium  on  the  rear  of  the  solid,  which  amounts,  according  to 
Weisbach,*  for  a  plane  at  right  angles  to  the  line  of  motion,  to  about 
one-third  the  total  pressure  in  front.  Von  Sparre  observed  also  that 
Rittinger's  determination  of  as  (the  pressure  per  sq.  m.  of  maximal 
section  against  a  sphere)  as  0.5  times  a,  the  similar  pressure  against  a 
plane,  conflicts  with  the  conclusion  of  Weisbach,  who  gives  0.6,  and 
that  of  Eytelwein,  who  gives  0.7886  as  the  coefficient  for  the  case  of  a 
sphere.  Moreover,  he  controverted  Rittinger's  assumption,  that  in 
practical  ore-dressing  the  law  of  incipient  fall  need  not  be  considered 
as  important  in  comparison  with  the  ultimate  uniform  maximal  ve- 
locity, and  he  claimed  an  importance  for  the  former  which  he  omitted 
to  establish  by  adequate  proof.  He  also  criticized  the  experimental 
methods  of  Rittinger,  and  doubted  their  value  as  supports  of  doubtful 
theoretical  results.  Without  going  further  into  the  details  of  his  argu- 
ment, it  is  sufficient  to  say  that  he  practically  accepted  the  general 
theoretical  method  of  Rittinger,  objecting  only  to  details,  and  offering 
nothing  better  as  a  substitute.  In  fact,  he  frankly  declared  (op.  cit., 
p.  9),  that  as  the  complicated  nature  of  the  equation  for  incipient  fall  as 
evolved  and  proposed  by  him  (without  changing  any  of  Rittinger's 
fundamental  assumptions),  admitted  of  no  algebraical  solution,  it 
appeared  to  him  impossible  to  find  by  direct  calculation  a  value 
correctly  expressing  the  relation  between  the  diameters  of  spheres  of 
different  density,  falling  equal  distances  within  a  stated  period. 

A  similar  statement  may  be  made  concerning  other  critics  of  Rit- 
tinger. They  have  offered  no  opposition  to  his  fundamental  assump- 
tion that  the  resistance  to  a  solid's  motion  in  submersion  should  be 
measured  in  analogy  with  the  measurement  of  the  mechanical  force 
of  a  water-current,  striking  a  solid  face,  or  on  the  basis  of  the  so- 
called  percussion  or  water-jet  theory.  The  present  writer  has  been 
so  far  alone  in  the  claim,  that  the  percussion-theory  is  not  applicable, 
not  necessary,  and  not  adequate  for  solving  all  the  questions  relating 
to  resistance  to  submerged  motion,  but  that  they  may  be  solved  cor- 
rectly, with  greater  facility  and  with  a  general  application  to  forms  of 
solids  and  kinds  of  medium  by  substituting  for  the  percussion-the- 
ory the  fact  of  the  displacement  of  the  medium  in  inverse  direction 
by  the  moving  solid,  and  the  logical  consequences  of  that  fact. 

Rittinger  startsf  with  the  expression  W '=  f  —  y  for  the  pres- 

*  Lehrbuch  der  Lngenieur-und  Maschinen-Mechanik,  ed.  1850,"  vol.  i.,  429,  430. 
f  Lehrbuch  der  Aufbereitungskunde,  Berlin,  1867,  p.  166.  "  Ein  mit  der  Geschwind- 
igkeit  v  vertical  aufsteigender  Wasserstrom  iibt  gegen  eine  ebene  und  horizontale 
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sure  (W)  exerted  by  a  water-current  rising  vertically  with  the  ve- 
locity of  v  meters  per  second  against  a  horizontal  plane,  /square 
meters  in  area.  In  this  formula,  g  is  the  acceleration  of  gravity, 
and  y  is  the  weight  of  a  cubic  meter  of  water,  or  1000  kilogrammes. 
Substituting  this  value  of  y,  and  g  =  9.809  meters,  the  expr< 
becomes 

W  =  f    J"  r  =  50.97  fr,  or  say,  51  ./V. 

Assuming/  =  1,  the  pressure  against  one  square  meter  becomes  51  r, 
andif«=l,  the  pressure  becomes  51  kilogrammes.  This  value 
Rittinger  designates  as  a,  which  he  defines  (p.  167),  as  the  pressure 
exerted  perpendicularly  against  a  plane  of  one  square  meter  area  by 
a  current  having  the  velocity  of  one  meter  per  second. 

The  introduction  of  this  symbol,  applicable  only  to  a  special  case, 
involving  a  particular  area,  a  particular  velocity,  and  a  particular 
value  of  g,  has  rather  confused  than  simplified  Rittinger's subsequent 
demonstrations.  But  apart  from  this  consideration,  the  essential 
question  is,  whether  the  resistance  of  the  medium  can  be  properly 
measured  in  this  way.  It  is  practically  impossible,  that  a  plane 
without  a  third  dimension,  which  would  change  the  plane  into  a 
volume,  should  oppose  the  movement  of  a  water-current,  because 
a  plane  opposing  a  water-current  is  •  in  nature  supplemented  auto- 
matically by  a  portion  of  the  medium,  which  adapts  the  form  of 
the  matter  moving  in  the  medium  to  the  molecular  division-lines 
(adhesion-lines,  wave-lines)  of  the  medium — such  portion  of  the 
medium  participating  in  the  relative  movement  of  the  solid  and  not  in 
that  of  the  medium  at  large.  Therefore,  a  correct  measurement  of  re- 
sistance  to  immersed  motion  rests  on  the  assumption,  either  of  the 
solid  being  of  a  form  closely  adapted  to  the  division-  or  adhesion- 
lines  of  the  medium,  or  of  the  solid  being  measured  in  its  length  in 
the  direction  of  relative  motion,  inclusive  of  the  part  of  the  medium 
that  automatically  moves  with  it. 

In  modifying  his  values  for  /on  account  of  form  of  face,  Rittin- 
ger  indirectly  accounts  for  volume  as  fundamental  to  the  measure- 
ment of  resistance  to  motion  in  a  medium ;  but  his  method  of 
accounting  therefor  is  an  obstacle  to  correct  result-,  because  this 
method  leaves  the  actual  nature  of  the  occurrence  unconsidered. 

Platte  von  geringer  Oberfliiche  (=/Quadratraetern)  einen  Druck  an-;,  welcher  dem 
Gewicht  einer  Wa^sersiiule  gleiehkommt,  deren  Grnndflache  =/und  deren  IIulic 

==— — ,  d  .  i.     der  Geschwindigkeitsliolie  gleich  i.-t." 

-.7 
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Proceeding  to  modify  his  expression  for  resistance,  by  calcula- 
tions upon  the  effect  of  the  form  of  the  front  of  the  solid,  to  which 

the  water-current  is  opposed,  Rittinger  obtains  ax  =  —  =  25.5   k., 

A 

for  a  wedge  with  a  solid  angle  in  front  of  90°  and  a  base-plane  of 

one   square   meter;  a2  =  —  —  25.5  k.,  for  a  cone,  the   height  of 

which   is  equal  to  the  radius  of  the  base,  and  the  circular  area  of 

the  base  of  which  is  one  square  meter  ;  and  a3  =  —  =  25.5  k.,  for 

a  hemisphere  or  sphere,  with  maximal  transverse  section  of  one 
square  meter.  His  formula  for  the  pressure  of  an  ascending  current 
against  a  sphere  is,  in  consequence, 

W=  «3/ ' v2  o  kilogrammes, 

in  which  «3  represents  the  resistance  in  kilogrammes  experienced  on 
each  square  meter  of  transverse  sectional  area  by  a  spherical  solid 
moving  in  water  with  the  velocity  of  one  meter  per  second.  If  the 
total  transverse  sectional  area  be  one  square  meter,  the   diameter  of 

the  sphere  is  evidently  not  =  1  but  is  =  ~j=,  a  fact  which  it  will 

be  opportune  to  consider,  when  the  values  obtained  under  the  two 
different  methods  shall  be  compared  ;  such  a  comparison  offering 
also  the  desired  opportunity  to  compare  the  methods  and  elucidate 
their  relative  merits. 

On  p.  177  of  his  book,  Rittinger  developes  as  the  formula  for  the 
velocity  of  uniform  ultimate  fall  of  a  sphere  having  the  diameter  d, 


2rd(S—A) 


N       3  a,  A 


or,  A  being  the  density   of  the  medium,  the  formula  becomes  for 
water  (A  =  1)  as  the  medium  : 


2rd(d  —  1) 


3  a3 


On  p.  193  he  develops  as  the  formula  for  the  velocity  of  an  ascend- 
ing current  keeping  a  spherical  solid  in  suspension  : 


J 


2rd(d  —  1) 


3  a3 
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and  since  v  =  c,  he  concludes  that  to  hold  a  body  in  suspension,  the 
water  must  have  an  upward  velocity  equal  to  the  ultimate  uniform 
velocitv  with  which  the  body  would,  after  a  certain  period,  sink  in 
still  water. 

It  will  be  seen  that  in  this  expression,  by  the  use  of  aa,  a  particu- 
lar value  of  g  is  assumed.  But  g,  the  acceleration  of  gravity,  va- 
ries with  the  altitude  and  latitude,  and  the  formula  should  provide 
for  this  variation.     Going  back  to  the  original  development,  we  find 

Y  (J.  T 

that  a  =  ~  and  a,  =  ^  =  4~  ;  and  substituting  this  value,  we  have 
2g  d        2       4g 


.-^=ii-^(^)-V|f.-.*^i 

In  this  form  the  expression  may  be  compared  with  my  own  for  the 
ultimate  maximal  velocity  of  a  sphere  falling  in  water, 

as  it  results  from  the  displacement  law;  and  we  then  find 


n        IS  3—1       l  0  3—1 

c  :  C  as  ^—  .g.d.o.  — - —  :yJ    2g  .  d.  o  .  jr——  , 


or 


c  : 


:CaaJ4      9-1  m  J 


\  . 


3  "       3      '  *3  +  1 


=  V 


*  This  relation  between  c  and  C  may  also  be  expressed  as 

c:  G  =  l:  J— X  J— —  =  1 :  0.866  J— *—, 
whereby  it  is  seen  that  Rittinger's  value  for 


3«3 
is  in  all  cases  in  excess  of  the  value 


V6*£=a=«ll/JFnj 


0  =  V2a  X\jd.i.  t— ^  =  4.43  Jd.6.6^. 
,y/N\        6  +  1  \         J_|_i 

The  value  c,  as  quoted,  relates  exclusively  to  solids  of  a  spherical  form,  and  Rit- 
tinger,  recognizing  the  practical  insufficiency  of  this  theoretical  value,  introduced 
another  experimental  value  relating  to  solids  of  irregular  form,  in  his  equation  1 91 ) : 


v  =  2.44  |/D  {6  —  1). 
Rittinger's  reasoning  in  justification  of  this  experimental  and  averaging  formula 
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<\         -« 

The  origin  of  the  coefficient  is  clearly  shown   in   my  first 

paper.  It  is  a  modification  of  the  acceleration,  g  (in  vacuo),  conse- 
quent to  the  resistance  by  a  medium  of  — -  density  to  the  fall  of  the 

4 

solid.     And,  as  I  shall  demonstrate  hereafter  the  origin  of  —  in  Rit- 

tinger's  value,  c,  to  be  in  a  claimed  reduction  of  resistance  by  form  of 

is  arbitrary  and  faulty  on  its  face,  and,  therefore,  need  not  be  refuted  in  detail.  D, 
which  has  taken  the  place  of  d  in  this  equation,  is  no  longer  the  diameter  of  a 
sphere,  but  of  a  circular  perforation  through  which  the  solid  has  passed.  Such 
solid,  being  of  an  irregular  form,  is  of  less  volume  than  the  sphere  of  the  same 
diameter  with  the  circular  perforation,  because  of  all  particles,  any  dimension  of 
which  is  not  in  excess  of  d,  the  sphere  is  the  greatest  in  volume,  and  all  particles 
having  any  one  of  their  dimensions  in  excess  of  d  will  slide  on  the  sieve  face  with 
their  longest  dimension  parallel  with  the  dimension  d  of  the  perforation,  and, 
therefore,  will  not  pass  through  the  same,  but  to  the  end  of  the  trommel  or  other 
sizing  contrivance,  as  which  in  no  case  a  sorter  by  equal  falling-velocitv  can  be 
considered,  such  sorting  of  mixed  material  never  resulting  in  a  grade  of  equal  or 
similar  size  in  mixed  particles.  As  ultimate  velocity  of  fall  in  submersion  de- 
pends, under  the  displacement-law,  on  d  as  length  in  the  direction  of  fall,  and  not 
on  d  as  measuring  transverse  section,  it  is  in  conflict  with  facts,  to  assume  reduced 
final  velocity  of  fall  as  the  result  of  decrease  in  volume,  when  the  value,  d.  as 
length  in  the  direction  of  fall,  remains  the  same,  though  D  be  substituted  for  d. 

The  different  interpretations  of  d  and  D  make  it  worth  noticing  that  with  d,  in 
the  value  C,  as  the  length  of  the  solid  of  any  form,  but  measured  in  the  direction 
of  relative  motion  (the  greatest  length  being  automatically  turned  into  such  direc- 
tion), the  former  relates  neither  exclusively  to  the  sphere  nor  exclusively  to  solids 
of  irregular  form,  but  to  all  solids  of  any  form,  and  it  appears  that  one  of  Rittin- 
ger's  values — the  theoretical  one,  namely — is  in  excess  of  the  value  C,  while  the 
other,  or  experimental  value,  is  a  fraction  only  of  C. 

Applying  both  to  the  cases  often  used  in  illustrating  actual  results — namely,  of 
quartz  and  galena,  with  <5  as  2.6  and  7.4 — we  find  by 

v  :  C=  1  X  ~  :  0.866  J— L  =  1  :  1.8  J—, 
5.11  \<5  +  l  \<5+l' 

the  concrete  cases  for  Rittinger's  two  equations,  as 

e:(7       f  1:0.736 

1 1  :  0.700 
as  relating  to  the  sphere,  and 


,:C=i1:L530 

».  1  :  1.700 


as  relating  to  the  smaller  volumes;  the  ratio  between  c  and  v  being  as  1  :  0,4775. 

Compare  R.  H.  Richards  and  A.  E.  Woodward:    "The  Velocity  of  Bodies  of 
Different  Specific  Gravity  Falling  in  Water."— Trans.,  xviii.,  644. 
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solid,  his  — ~ —  might  be  co  mini  red  with  ^ ,- as  the  modification 

of  g,  which  Attwood  ascertained  by  experiment.  Such  comparison 
would  rest  on  the  definite  assumption  of  the  displacement  theory  as  pre- 
ferable to  the  percussion  theory.  And  it  is  therefore  but  proper  that 
these  two  so  essentially  different  theories,  both  relating  to  resistance 
to  submerged  motion,  be  further  compared. 

Weisbach,  speaking  of  the  theory  of  percussion  as  measuring 
resistance  to  submerged  motion,  says  that  the  pressures  upon  the 
rear  surface  of  the  solid  are  opposed  to  those  on  the  front,  and  the 
resultant  percussion  or  resistance  of  the  water  is  equal  to  the  differ- 
ence between  the  two,  and  adds: 

"  Although  we  cannot  state  a  priori  the  amount  of  these  pressures, 
we  may  nevertheless  assume,  on  account  of  the  great  similarity  of 
the  conditions  with  the  percussion  of  isolated  jets,  that  at  least  the 
general  law  for  percussion  by  unlimited  water  does  not  vary  from 
the  law  for  the  percussion  of  isolated  jets."* 

These  words,  in  the  light  of  later  discovery,  bear  the  character  of 
an  intuition,  because,  although  the  percussion  of  isolated  jets  does 
not  present  the  conditions  of  submerged  motion,  and  although  the 
whole  percussion-theory  must  be  deemed  an  unsound  basis  for  meas- 
uring the  effect  of  submerged  motion,  and  although  the  theory  of 
continuous  displacement  applied  to  the  measurement  of  resistance 
to  submerged  motion  is  so  thoroughly  and  entirely  at  variance  with 
this  percussion-theory,  yet  the  formulas  resulting  from  either  are  not 
only  very  similar,  but  virtually  identical,  while  there  remain  differ- 
ences only  in  the  interpretation  of  some  of  the  values  constituting 
these  formulas. 

Under  the  metrical  system  the  work  done  by  the  water-jet  striking 
squarely  an  opposing  face  is  as 

P  =  f  •  v  _  kilogramme-meters, 

/being  the  transverse  uniform  area  of  the  nozzle  in  one-thousandths 
of  a  square  meter,  when  the  result  is  kilogramme-meters. 

Under  the  same  system  the  resistance  to  submerged  motion,  as 
evolved  under  the  law  of  continuous  displacement,  is 

J      ty 

*  Op.  cit,  vol.  i.,  p.  040,  \  429  (or  edition  of  1875,  pp.  1179,  1180). 
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j  signifying  the  transverse  uniform  or  average  section  of  solid  = 

— —  *  with  the  same  unit  as  above  stated. 
a 

Yet  neither  Weisbach  nor  Rittinger  perceived  either  the  un- 
soundness of  their  fundamental  issue  or  the  true  facts  supporting 
their  results  in  part. 

While  Rittinger  compares  resistance  to  submerged  motion  with  the 

force  with  which  a  solid  strikes,  a  force  being  the  product  of  mass  by 

distance,  and  the  action  being  instantaneous,  this  resistance  is,  in  fact, 

not  force  only,  but  continuous  work  or  applied  work,  the  velocity, 

v,  per  second  being,  in  the  case  of  the  jet  as  well  as  of  resistance  to 

submerged   motion,  in   fact,  an  element  of  the  mass ;  that  is  to  say, 

the  amount  of  water  moving  inversely  in  one  case,  and  coming  into 

contact  with  the  opposing  face  in  the  other  case  per  second,  is/  v,  and 

its  weight/  v  y.    Consequently,  the  work  performed  by  the  water  per 

v2 
second  must  hefv  -=-  j.     This  is  as  against  Rittinger's 

(an  expression  of  mere  pressure),  which   must  be  multiplied  by  v, 
the  path  traversed  per  second. 

But  this  employment  of  work  instead  of  pressure,  as  the  starting- 
point%of  the  calculation,  does  not  explain  the  difference  between  the 
resulting  formulas  of  the  two  methods.  For  Rittiuger  (and  Weis- 
bach) omits  v  also  on  the  other  side  of  the  equation ;  that  is,  in  the 
measurement  of  the  reaction  of  the  solid.  The  true  source  of  differ- 
ing results  is  found  in  the  two-fold  modifications  introduced  by  Rit- 
tinger, of  which  the  one  relates  to  «,  which  is  reduced  by  reason 
of  the  form  of  the  front  of  the  solid,  and  the  other  relates  to  the 
transverse  section  of  the  solid,  which,  with  Rittinger,  is  the  maximal 
cross-section  at  right-angles  to  the  line  of  motion.  He  makes  o3  (the 
pressure  against  this  transverse  section,  if  the  solid  be  a  sphere)  to  be 
only  one-half  a  (the  pressure,  if  the  opposing  surface,/,  be  a  plane). 

*  Only  by  the  author's  introduction  into  theoretical  mechanics  of  this  new  value, 

— ,  that  is,  the  transverse  average  section,  has  it  become  possible  to  formulate  the 

natural  laws  expressed  in  the  first  paper. 

The  purpose  of  expressing  — ,v  or /  v  in  kilogrammes,  is  achieved  either  by  ex- 
d 

pressing  —  or/  in  units  of  O.00J  square  meter,  or  by  making  use  of  the  coefficient 
¥  =  1000,  as  practiced  by  Eittinger. 
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This  is  equivalent  to  reducing  the  area,/,  by  one-half,  for  the  case  of 
a  sphere.  Stated  in  proportion  to  the  square  of  the  diameter  of  the 
sphere,  the  pressure,  measured  by  transverse  maximal  section,  would 
be  equivalent  to  that  against  a  plane  : 

f  =  i_  .  °l1  =  0.3927  d\ 
^24 

On  the  other  hand,  the  value  of/,,  according  to  the  new  law  of 
displacement,  is  determined  as  transverse  average  section  by  divid- 
ing the  volume  of  the  solid  by  its  length  measured  in-  the  direction 
of  motion.  That  length  being,  of  course,  for  a  sphere,  equal  to  the 
diameter,  we  have  flf  expressed  for  a  sphere,  in  proportion  to  the 
square  of  the  diameter  as  follows: 


0.523G  d\ 

showing/  to  be,  under  the  newer  theory,  as  the  ratio  of  the  volume 
to  the  cube  of  d,  taken  as  a  coefficient  of  d2. 

The  proportion  between  these  two  values  for/ is, 

-     ,  1        d27t         71  4 

/:/l=I-T    :     6"*  =3:4  =  1:   j. 

4  . 

Thecoefficient   ?-  appearing    under    the    radical    in  our   former 


proportion, 


14  3-1  .      \o 

S  3 '     d         \d 


—  1 

+1' 
has  thus  been  traced  to  its  origin. 

If  the  value  fl  is  determined  for  a  sphere  that  has,  as  originally 
assumed  by  Rittinger,  a  maximal  sectiou  of  1  sq.  m.,  and  therefore 
a  diameter 


u& 

and  a  volume 

=(sn'     '    6~=  =  3\U  » 

then  we  find 

II 

.         B        2   M  *        2 
/,=_=_,.     -       =  —  sq.  m.  = 

=  0.66 

Jl        d        3N        3 

..d\ 
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0.66  being  again  the  ratio  of  the  volume  of  the  sphere  under  con- 
sideration to  the  cube  of  d. 

It  is  noteworthy  that  this  corresponds  to  a  value  for  a3  of  0.666 
(instead  of  0.5  a,  which  is  Rittinger's  value),  and  it  will  be  remembered 
that  Weisbach  has  given  0.6,  and  Eytelwein  0.7886,  as  the  experimen- 
tal coefficient  for  the  case  of  a  sphere;  so  that  it  is  evident  that  the 
displacement  theory  more  closely  agrees  with  the  determinations  of 
the  best  investigators  than  does  the  calculation  of  Rittinger.  In  fact, 
the  correspondence  would  be  still  closer  than  the  above  figures  indi- 
cate, for  my  theory  requires  that  the  volume  to  be  divided  by  d  in 
determining/ shall  be  the  volume  of  the  solid,  plus  an  allowance 
for  the  portions  of  the  medium  which  automatically  take  part  in  the 
motion  of  the  solid,  as  above  stated.  (Compare  Journal  of  the 
Franklin  Institute,  1893,  p.  206.) 

I  may  be  permitted  to  direct  attention,  also,  to  the  fact  that, 
from  the  establishing  of  the  effects  of  immersion  or  submersion  to 
establishing  the  effects  of  submerged  motion,  there  is  but  an  insignifi- 
cant step;  both  steps  being  in  the  same  direction,  and  of  much  simi- 
larity.   And  yet  how  long  an  interval  there  has  been  between  the  two  ! 

The  unsatisfactory  nature  of  the  substitutes  of  presumption  ac- 
cepted in  place  of  facts,  relating  to  submerged  motion,  caused  the 
author  to  investigate.  Weisbach's  quoted  words  were  not  convincing 
as  to  the  methods  so  far  exclusively  applied.  Neither  did  it  appear 
a  necessity  to  make  use  of  the  higher  mathematics  for  digesting  men- 
tally so  extremely  simple  an  occurrence  in  nature  as  the  moving  of  a 
solid  in  water.  I  set  out  to  find  the  true  nature  of  so  simple  an  oc- 
currence, and,  thinking  of  the  discoverer  of  the  effects  of  immersion, 
called  out  "Eureka!"  when  I  had  found  this  true  nature  of  the 
most  simple  occurrence  of  immersed  motion.  Nearly  eighteen  years 
have  since  passed,  and  I  have,  at  sundry  times,  given  publicity  to  what 
I  had  thus  ascertained,  amongst  others,  in  "Dynamical  Metal- 
lurgy" [Mining  Record,  January  to  June,  1882),  in  Van  Nos- 
trand's  Engineering  Magazine,  of  September,  1886,  and  later,  as 
above  stated,  in  the  Journal  of  the  Franklin  Institute ;  but  at  no 
time,  except  in  one  case,  controverted  in  the  last-mentioned  journal, 
has  the  fundamental  fact,  on  which  the  entire  new  system  of  neces- 
sity rests,  been  contradicted.  Therefore  it  appears,  that  the  law,  as 
claimed  by  me  to  exist  in  nature,  has  found  a  general  recognition, 
and  that  the  time  has  come  after  so  many  years  since  its  discovery, 
and  after  thousands  of  years  of  error,  when  the  school-boy,  as  well 
as  the  professional  engineer,  should  learn  about  it. 
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While  thus  it  has  been  shown  that  Rittinger's  fundamental  value 
for  maximal  velocity  of  fall  in  submersion  may  be,  by  employing  a 
different  method  of  evolving  the  same,  not  only  corrected*  but  also 
expanded  in  its  applicability,  the  essentially  meritorious  character  of 
his  work  is  thereby  in  no  wise  lessened.  But  it  may  be  truly  said 
that  the  most  important  fruit  of  his  work  has  been,  even  to  the 
present  date,  neither  recognized  nor  utilized  by  either  practical  or 
theoretical  ore-concentrators  generally,  the  latter  even  wiping  his 
merits  off  the  table  of  respectful  consideration  by  speaking  of  "pure 
mathematics  telling  what  ought  to  happen  hut  does  not."^ 

The  essential  merit  of  Rittinger's  work  must  be  found  in  his  un- 
contradictable  demonstration  of  the  necessity,  in  practical  ore-con- 
centration, of  alternating  action  as  between  sorting  by  equal  falling- 
velocities  in  a  medium  and  a  specific  grading  by  size,  the  latter 
action  producing  a  different  effect  from  the  action  of  sorting,  and  it 
being  immaterial  which  one  of  these  actions,  of  absolutely  different 
effect,  shall  precede  the  other,  so  long  as  an  alternation  between  them 
takes  place. J    Separation  by  density  of  mixed  particles  never  results 


*  The  correction  of  this  fundamental  value  of  maximal  velocity  of  fall  involves 
as  a  necessary  consequence  the  correction  of  all  ratios  of  d  for  equal-falling  parti- 
cles of  different  densities.  For  quartz  and  galena  this  ratio,  according  to  Rittiuger, 
is  as  1 :  4,  while  under  the  law  of  continuous  displacement,  the  same  values  of  &  being 
assumed  (7.5  for  galena)  it  is  as  1  :  5.  The  superior  accuracy  of  the  latter  ratio  is 
confirmed  by  the  following  statement  of  Prof.  Richards  (Discussion  of  the  paper  of 
James  Douglas  on  "Summary  of  American  Improvements  and  Inventions  in  Ore- 
Crushing,"  etc.,  Trans.,  xxii.,  651) : 

"The  discussion  of  the  jigging  of  water-sorted  products  for  a  two-mineral  sepa- 
ration has  been  well  done  by  Prof.  Munroe,  of  New  York,  showing  that  jigging  can 
really  separate  particles  of  greater  disparity  in  size  than  Rittinger's  formula 
allows." 

The  reference  is  to  Prof.  Munroe's  paper  (Trans.,  xvii., p.  637),  on  "The  English 
vs.  The  Continental  System  of  Jigging."  But  by  neither  Prof.  Richards  nor  Prof. 
Munroe  is  the  discrepancy  considered  as  evidence  of  error  in  Rittinger's  formula, 
or  as  a  justification  of  my  correction  of  the  same.  On  the  contrary,  Prof.  Munroe 
explains  it  by  the  assumption  (approved  by  Prof.  Richards,  but  in  my  judgment 
erroneous),  that  particles  movable  in  a  medium  act  upon  one  another  as  the  firm 
walls  of  a  confining  solid  tube  would  act,  and  that  to  this  reciprocal  action  the  ob- 
served effect  is  attributable.  Thus  the  facts  support  the  new  teaching,  though  it 
be  ignored  by  these  savans.  who  allege  other  causes  for  the  practical  results  ob- 
bserved. 

f  See  Prof.  Richards,  in  the  Discussion  of  Mr.  Douglas's  paper,  already  cited 
(Trans.,  xxii.,  651). 

X  Alternation  of  action  relates  to  the  material  subjected  thereto,  and  not  to  a 
plurality  (if  apparatus.  Both  kinds  of  action  may  be  applied  in  practice  to  the 
mixed  particles  treated  in  the  same  apparatus  in  succession,  in  which  case  exclu- 
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from  either  the  one  or  the  other  of  these  two  actions  when  applied 
to  the  exclusion  of  the  other.  To  call  an  apparatus  effecting  exclu- 
sively either  one  or  the  other  of  these  essentially  different  actions  a 
separator,  or  even  "positive  separator"  indicates  a  looseness  in  ter- 
minology which  is  either  the  result  of  imperfect  perception  of  the 
case  under  consideration,  or  an  impediment  to  a  rational  treatment 
of  the  subject. 

Rittinger's  entire  demonstration  presses  into  consideration  the 
necessity  thus  stated  until  it  must  be  accepted  as  the  first,  undeniable 
life-theorem  in  practical  ore-concentration.  To  discard  it,  leads,  of 
necessity,  to  confusion ;  and,  without  it,  the  phenomena  observed  in 
practice  must  remain  without  satisfactory  explanation,  and  experi- 
menting loses  the  rational  guidance  without  which  it  must  remain  a 
wanderer  in  the  dark. 


THE  ELK  GARDEN  AND  UPPER    POTOMAC  GOAL-FIELDS 
OF  WEST  VIRGINIA. 

BY  JOS.    D.    WEEKS,   PITTSBURGH,   PA. 

(Virginia  Beach  Meeting,  February,  1894), 

On  the  extreme  fringe  of  the  great  Appalachian  coal-basin  is  a 
long  narrow  detached  coal-field,  which  is,  in  some  respects,  one  of  the 
most  important  in  the  United  States.  This  field,  about  90  miles 
long  by  2|  to  16  miles  wide,  extends  from  the  southwest  corner  of 
Somerset  county,  Pennsylvania,  through  Allegany  and  Garrett 
counties,  Maryland,  Mineral,  Grant  and  Tucker  counties,  West  Vir- 
ginia, into  Randolph  county,  West  Virginia.  In  this  distance  four 
distinct  sub-districts  are  recognized,  the  Wellersburg  in  Pennsyl- 
vania, the  Cumberland-Georges  creek  in  Maryland,  and  the  Elk 
Garden  and  the  Upper  Potomac  in  West  Virginia.  The  output  of 
coal  from  the  whole  field  including  steam,  domestic,  smithing  and 
coking-coal  of  the  best  quality,  is  about  4,500,000  tons  annually. 
It  is  the  nearest  to  tide-water  of  all  the  bituminous  coal-fields  which 
supply  the  great,  coal-markets  of  the  Northern  Atlantic  seaboard  ; 

sively  the  apparatus  becomes  a  separator  proper.  Jigs  may  act  as  graders  as  well 
as  sorters,  according  to  the  method  of  their  operation  and  according  to  the  material 
fed  into  them. 
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and  its  coal-beds  are  so  situated  as  to  permit  a  well-nigh  unlimited 
increase  of  production,  should  the  trade  of  these  markets  demand  it. 

This  great  coal-field  has  sometimes  been  termed  the  Cumberland 
coal-field,  from  the  fact  that  the  Cumberland  field  proper,  which, 
about  half  a  century  ago,  began  sending  its  unsurpassed  steam-coal 
into  market,  was  for  a  long  time  the  only  one  of  the  sub-basins 
which  produced  coal ;  but  as  the  name  "  Cumberland  "  is  now  more 
appropriately  applied  to  a  coal  (that  of  the  Big  Vein)  which  is  not 
mined  throughout  the  entire  district,  and  as  the  amount  of  coal  in 
the  beds  below  the  Big  Vein  is  vastly  greater  than  that  remaining 
in  it,  some  other  name  would  be  more  appropriate  aud  less  mislead- 
ing. As  the  district  is  watered  chiefly  by  the  Potomac  river  and  its 
tributaries,  and  as  most  of  the  mining  is  along  the  banks  of  that 
stream,  the  name  (l  Potomac  Basin  "  has  been  suggested  for  this 
entire  coal-field  ;  the  distinctive  and  well-known  names  of  the  several 
sub-basins,  however,  being  still  retained. 

The  general  course  of  this  basin  is  northeast  aud  southwest.  It  is 
hemmed  in  by  the  Allegheny  Front  mountains  on  the  east  and  the 
Backbone  mountains  on  the  west.  Its  general  shape  from  Pennsyl- 
vania to  near  the  southern  border  of  Tucker  county,  West  Virginia, 
where  it  abuts  on  several  parallel  mountain-ranges,  is  that  of  a 
wedge,  very  narrow  in  Pennsylvania,  only  2J  miles  wide  at  the  State 
line,  and  widening  as  the  mountains  draw  away  from  each  other, 
until,  at  the  point  named  in  Tucker  county,  it  is  some  16  miles 
wide. 

The  Potomac  river,  which  rises  in  Tucker  county,  West  Virginia, 
after  following,  from  its  source,  the  general  (northeasterly)  direction 
of  the  mountains,  turns  abruptly  to  the  east  at  a  point  where  the 
Baltimore  and  Ohio  Railroad  crosses  it,  near  Piedmont,  West  Vir- 
ginia, and  cutting  across  the  coal-fields,  as  well  as  through  the  moun- 
tains, bends  at  Keyser  to  the  northward  again,  and  runs  along  the 
base  of  Dan's  mountain,  wholly  outside  of  the  coal-basin.  Its  course 
within  the  basin  is  shown  in  the  accompanying  map  (Fig.  1).  The 
Potomac  thus  divides  this  coal-field  into  two  parts,  a  northern,  which 
includes  the  Wellersburg,  Cumberland  and  George's  creek  fields,  and 
a  southern,  in  which  are  the  Elk  Garden  and  Upper  Potomac  fields. 
It  is  of  the  southern  division  that  the  present  paper  especially  treats. 

The  West  Virginia  Central  and  Pittsburgh  Railway,  to  the  con- 
struction of  which  the  development  of  the  Elk  Garden  and  Upper 
Potomac  fields  is  due,  and  which  is  their  only  outlet,  extends  at 
present  from  Cumberland,  Maryland,  to  Belington  in  Barbour 
•    vol.  xxiv.— 23 
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county,  West  Virginia,  a  distance  of  131  miles.  For  74  miles  it  fol- 
lows the  Potomac  to  its  headwaters  at  Fairfax,  where  it  crosses  the 
divide  at  Cheat  river,  which  it  follows  to  the  Tygart's  Valley  river 
and  down  this  stream  to  Belington. 

At  Cumberland  the  West  Virginia  Central  and  Pittsburgh  Pail- 
way  makes  connection  with  the  Baltimore  and  Ohio  and  Pennsyl- 
vania railroad-systems  and  the  Chesapeake  and  Ohio  Canal,  and 
through  these  outlets  to  tide- water  and  to  the  great  coal-consuming 
cities  of  the  Atlantic  seaboard.  In  addition  to  these,  the  Baltimore 
and  Cumberland  road,  which  is  being  built  in  the  interest  of  the 
West  Virginia  Central  Railway  Co.,  will  furnish  a  direct  connec- 
tion from  Cumberland  to  the  Pennsylvania  and  Reading  systems  in 
the  Cumberland  Valley.  Indeed,  one  of  the  great  advantages  of  the 
entire  Potomac  district,  is  its  nearness  to  tide-water.  One  of  the 
notable  physical  features  of  the  Atlantic  coast-line  of  the  United 
States  is  the  way  it  is  broken  by  the  tidal  estuaries  and  bays  which 
separate  Maryland  and  Virginia,  and  thrust  themselves  so  far  inland 
bringing  tidal  water  and  the  head  of  navigation  very  far  towards  the 
mountains.  Another  effect  of  the  existence  of  these  immense  bodies 
of  water  on  the  border-line  between  the  north  and  the  south  has 
been  to  determine  the  route  of  the  leading  highways  of  trade  between 
these  sections,  deflecting  them  from  the  coast. 

As  a  result  of  these  physical  features,  the  Potomac  coal-field  lies 
nearest  to  tide-water  of  all  the  important  fields  that  supply  the  great 
coal-markets  of  the  Atlantic  border.  The  distance  from  the  Elk 
Garden  region  to  tide-water  at  Baltimore  is  218  miles,  while  the 
competing  field  nearest  to  tide-water  is  the  Clearfield,  which  is  253 
miles  from  Philadelphia,  its  nearest  tide-water  port.  By  reason  of 
the  fact  that  the  Chesapeake  has  deflected  the  lines  of  railroad  inland, 
this  region  can  reach  the  great  eastern  coal-markets  by  rail  over 
remarkably  short  lines,  312  miles  to  Philadelphia  via  the  Baltimore 
and  Ohio,  and  392  miles  to  New  York  via  the  Pennsylvania  rail- 
road. When  the  extension,  by  the  Baltimore  and  Cumberland  rail- 
way which  has  already  been  begun,  shall  have  been  completed  to 
Hagerstown,  these  distances  will  be  materially  shortened.  The  rail- 
road map  (Fig.  2)  shows  the  commercial  relations  of  the  region. 

Most  of  the  bituminous  coals  which  are  sent  to  the  North  Atlantic 
seaboard-markets  are  mined  from  four  great  coal-beds :  the  Pitts- 
burgh of  the  Upper  Measures,  the  Freeport  and  the  Lower  Kittan- 
ning  of  the  Lower  Measures,  and  the  New  River  and  Flat  Top  beds 
of  the  Pottsville  Conglomerate,  or  Serai. 


356       THE    ELK   GARDEN    AND    UPPER    POTOMAC   COAL-FIELDS. 

All  four  of  these  coals  are  found  in  the  district  here  described; 
and  at  no  other  point  in  the  Appalachian  field  do  the  first  three  ex- 
hibit greater  size,  or  ease  and  cheapuess  of  mining.  The  Pittsburgh 
bed  is  the  Big  Vein  of  this  region,  reaching  at  times  a  thickness  of 
16  feet,  averaging  12  feet  to  14  feet,  and  carrying  67  to  72  per  cent. 
of  carbon,  19.33  to  26.5  per  cent,  of  volatile  matter  and  but  5  to 
6.75  per  cent,  of  ash.  The  Upper  Freeport  (Thomas)  measures  8 
feet  and  gives  from  4  to  6  feet  of  good  workable  coal,  while  the 
Lower  Kittanning  (Davis)  bed  measures  11  feet  and  works  6|-  feet 
of  valuable  steam-  and  coking-coals,  remarkably  low  in  sulphur  and 
phosphorus.  Though  the  New  River  group  has  been  found  in  this 
district,  it  has  at  present  but  little  commercial  importance. 

The  "Big  Vein  "  or  Pittsburgh  seam,  though  it  enjoys  the  widest 
reputation,  is  by  no  means  the  most  important  or  valuable  coal  of 
this  basin.  Without  wishing  to  detract  from  the  well-established 
and  widely-known  reputation  of  this  coal,  I  would  simply  indicate 
that  in  this  district  it  is  not  as  important  or  valuable  as  other  coals. 
The  "Big  Vein"  goes  into  the  air  just  north  of  Stony  river,  and 
shows  in  but  one  place  to  the  south  of  the  Elk  Garden  district, 
namely,  on  the  top  of  Fairfax  Knob,  at  a  height  of  some  3200  feet 
above  the  sea,  where  a  few  acres  are  still  left. 

As  has  been  suggested,  the  Upper  Freeport  (Thomas)  and  the 
Lower  Kittanning  (Davis)  are  the  important  coals  of  this  district. 
One  or  the  other,  sometimes  both,  are  found  throughout  the  entire 
length  of  both  the  Elk  Garden  and  Upper  Potomac  districts,  except 
here  and  there  in  a  narrow  valley,  where  they  have  been  cut  out. 
While,  therefore,  the  beds  are  not  as  thick  as  the  "Big  Vein,"  yet, 
by  reason  of  the  great  area  underlain  by  these  beds,  the  amount  of 
coal  remaining  in  them  in  the  hills  is  vastly  greater  than  that  belong- 
ing to  the  "Big  Vein."  It  is  estimated  at  90,000,000  tons  in  the 
Elk  Garden,  and  2,000,000,000  tons  or  more  in  the  Upper  Potomac 
district.  The  range  of  use  of  these  coals  is  wide.  The  Freeport 
(Thomas)  lump  is  shipped  as  a  domestic  fuel,  and  the  "run  of  mine" 
as  steam-coal,  while  the  slack  is  coked,  though  the  coke  does  not 
equal  in  physical  structure  or  purity  that  made  from  the  other  bed. 
The  Lower  Kittanning  (Davis)  coal,  which  in  this  basin  is  remark- 
ably free  from  sulphur,  is,  in  the  form  of  "run  of  mine,"  shipped 
as  steam-coal ;  and  the  coarse  slack  has  a  large  market  in  the  west 
as  a  smithing-coal,  while  the  fine  slack  makes  a  strong,  bright, 
porous  coke. 
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The  Elk  Garden  District. 

The  Potomac  river  divides  the  Elk  Garden  district  from  the  Cum- 
berland-George's Creek  field.  This  district  extends  from  near 
Piedmont,  in  West  Virginia,  to  Stony  river,  just  south  of  Schell, 
West  Virginia,  a  distance  of  20  miles.  The  coal-measures,  which 
are  both  the  Upper  and  Lower  Productive,  lie  on  both  sides  of  the 
Potomac,  though  nearly,  if  not  quite,  all  that  is  left  of  the  Pitts- 
burgh seam  is  on  the  West  Virginia  side. 

The  Pittsburgh  seam  is  mined  to  a  considerable  extent,  and  yields 
a  coal  with  all  the  well-known  characteristics  of  the  "Big  Vein" 
coal  of  this  basin,  being  an  excellent  steam-  and  smithing-coal.  The 
vein  averages  14  feet,  and  it  is  estimated  that  some  10,000,000  tons 
of  coal  are  still  available  in  the  bed  within  this  district. 

While  the  chief  production  of  coal  in  the  Elk  Garden  district  is 
from  the  "Big  Vein,"  some  of  the  beds  of  the  Lower  Measures  are 
also  worked,  viz.,  the  Upper  Freeport  (4-foot  vein)  and  Lower  Kit- 
tanning  (6- foot  vein).  At  one  place  a  7-foot  vein  above  the  Pitts- 
burgh is  mined.  In  these  smaller  veins,  which  underlie  a  much 
larger  area  than  the  Big  Vein,  it  is  estimated  that  some  90,000,000 
tons  are  still  available,  making,  with  the  "  Big  Vein  "  coal  still  re- 
maining, about  100,000,000  tons  of  available  coal  in  the  Elk  Garden 
district. 

An  analysis  of  the  coal  from  the  Big  Vejn  of  this  district,  made 
by  the  United  States  Geological  Survey  in  1888,  is  as  follows : 

Analysis  of  Elk  Garden  Coal  from  Pittsburgh  Vein. 

Per  cent. 

Moisture, 0.76 

Volatile  carbon,    .         .         .         .        .         .         .         .         .19.39 

Fixed  carbon, 72.99 

Ash, 6.86 

100.00 

Sulphur, 0.880 

Mining  began  in  the  district  in  1881,  and  the  first  shipment  of 
coal  was  made  October  20th  of  that  year.  The  total  amount  mined 
and  sent  to  market  up  to  December  31,  1892,  has  been  4.822,706 
tons.  The  total  shipment  for  each  year  since  mining  began  and  for 
each  mine  is  given  in  the  table  on  page  358. 

The  Upper  Potomac  Field. 
The  Upper  Potomac  field  of  the  Potomac  basin  is  at  present  re- 
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garded  as  extending  from  Stony  river  in  Mineral  county,  West  Vir- 
ginia, where  the  Elk  Garden  district  ends,  through  Grant  and  Tucker 
counties  to  the  end  of  the  basin  in  Randolph  county.  The  impor- 
tant coal-workings,  however,  are  just  beyond  Fairfax,  at  Thomas, 
Davis,  Coketon,  and  Douglas,  on  the  watershed  between  the  Poto- 
mac and  Cheat  rivers. 

The  chief  coal-beds  worked  in  this  district  are  the  Upper  Free- 
port  and  the  Lower  Kittanning  in  the  Lower  Measures.  These  are 
known  locally  a^  the  Thomas  and  Davis  veins,  so  named  from  the 
brothers,  Henry  G.  and  Thomas  B.  Davis,  who  were  the  pioneers  in 
the  development  of  this  region.  The  Thomas  vein  is  the  Upper 
Freeport;  the  Davis  vein  the  Lower  Kittanning.  The  Thomas  vein 
of  this  region  has  a  thickness  of  nearly  8  feet;  but  a  bony  coal  or 
slate  near  the  center  of  the  bed  leaves  only  about  6  feet  of  merchant- 
able coal.  The  coal  is  valuable  for  both  steam-  and  coking-pur- 
poses.    The  Davis  vein  has  a   thickness   of  nearly  11    feet.     With 

Table  I. —  Total  Shipments  of  Coal  from  All  the  Mines  in  the  Elk  Garden  Re- 
gion on  the  Line  of  the  West  Virginia  Central  and  Pittsburgh  Railway,  from 
October  20,  1881,  When  the  First  Shipment  was  Made,  to  January  1,  1894. 


w.  Va. 

Central. 
Year. 

Tons. 

Big 
Vein. 

Tons. 

Davis  & 
Elkins. 

Tons. 

Atlantic. 
Tons. 

Vir- 
ginia. 

Tons. 

Hamp- 
shire. 

Tons. 

Switch- 
back. 

Tons. 

Mer- 
rill's. 

Tons. 

Total 
Tons. 

1881            11.372 

1737 

5926 

193 



1872 
174 

11,372 

1882 
1883 
1884 
18S5 
1886 
1887 

228,294 

261,075 

375,590 

3,780 

211,852 

259.354 

28,774 
68,942 
S3, 170 
65,792 
50,686 
59,801 
30,407 

257,06S 

330,017 

458,761 



57,213 
03,715 
107,605 
97,285 
62,934 
63,121 
92,192 

391,785 



326,253 

426,760 

1SS8        356,259 

1889  353,216 

1890  414.547 

483,951 
436,558 

18,671 
73,384 
88,576 
71,033 

556,978 

1891 
:•  2 
1893 

420,503 

358,915 

538 
3,876 

502 
17,326 

5718 
39,421 

610,094 
533,110 
150.394 

391,986 

251,664 

3,519,757 

586,430 

7856 

17,S2S       45,139      2046 

5, 273,1  im 
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respect  to  its  tenor  of  sulphur,  this  is  one  of  the  purest  coals  mined. 
It  is  not  only  used  largely  for  steam,  but  is  especially  valuable  for 
blacksmithing  purposes,  having  an  extensive  market  in  the  west, 
where  it  is  put  in  bags  and  sold  to  interior  points  off  the  lines  of 
transportation.     For  coking,  it  is  an  excellent  material. 

The  following  (Table  II.,  page  360)  are  analyses  of  these  coals, 
made  by  the  United  States  Geological  Survey  from  full  sections. 

This  field  is  of  great  extent;  how  great,  has  not  been  determined. 
In  1882,  when  the  explorations  were  exceedingly  limited,  Prof. 
Pumpelly,  who  prepared  the  report  on  coal  for  the  Tenth  Census, 
estimated  that  there  were  250  square  miles  of  coal-land  in  the  Upper 
Potomac  and  Stony  River  basins,  after  allowing  for  the  erosion  of 
the  valleys,  and  gave  2,000,000,000  tons  as  the  minimum  amount  of 
coal  in  beds  of  workable  thickness,  half  of  which  was  above  drain- 
age and  accessible  from  the  valleys.  As  the  8-foot  vein  was  the 
largest  known  at  that  time,  it  is  evident  that  the  amount  of  coal  in 
the  basin  was  much  under-estimated. 

At  Coketon,  only  the  Lower  Kittanning,  or  Davis  seam,  is 
mined.  A  section  of  this  coal,  known  here  as  the  11-foot  seam, 
is  as  follows : 

Section  of  Davis  Vein  at  Coketon,  West  Virginia. 

Inches. 
12] 


Coal,  upper  bench, 

Slate,  . 

Coal,  middle  bench 

Slate,  . 

Coal,  lower  bench, 


Slate, 
Coal, 


18   V  Portion  worked. 

2   I 
44  J 

78 

>  Floor,  not  mined. 
32  J 

128 


Of  the  106  inches  of  coal  in  the  seam,  the  32  inches  below  the 
18-inch  slate  is  left  in  the  floor.  All  of  the  vein  above  this  18-inch 
slate  is  mined,  giving  in  actual  working  72  to  78  inches  of  coal. 
For  this  reason  the  seam  is  sometimes  called  the  6-foot  or  6|-foot 
coal. 

This  coal  shows  the  columnar  structure  typical  of  all  good 
coking-coals.  It  is  so  soft  as  to  be  easily  broken  by  the  hand, 
and  breaks  flaky  and  in  slivers,  even  the  finest  slack  showing 
under  the  microscope  minute  columnar  flakes.  The  "  run  of  mine" 
is  used  for  steam,  and  the  coarse  slack  is  in  high  repute  and  good 
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Table  II. — Analysis  of  Thomas  and  Davis  Coals,  Upper  Potomac 
Field,  West  Virginia. 


Davis 

(Lower  Kittnnning). 

Thomas  (Upper  Freeport). 

No.  1. 

No.  2. 

Upper. 

Middle. 

Bottom. 

Moisture 

0.80 
26.84 
67.18 

5.18 

0.70 
22.03 
70.53 

6.74 

0.64 
22.87 
65.60 
10.89 

0.68 
23.88 
65.99 

9.45 

0.96 
22.90 

72.7(1 
3.38 

Vol.  Matter 

Fixed  Carbon 

Ash 

Total 

100.00 
1.68 

100.00 
0.924 

100.00 
0.64 
0.06 

100.00 
1.39 
0.02 

100.00 
0.59 
0.01 

Sulphur 

Phosphorus 

demand  in  the  west  for  blacksmith ing,  while  the  slack  of  the  lower 
bench  is  coked. 

The  conditions  at  Douglas,  where  the  same  vein  is  mined,  are 
similar. 

At  Thomas,  but  a  mile  north  of  Coketon,  the  Davis  vein  has  gone 
below  the  surface,  and  the  Thomas  vein  appears  in  the  hillside  above 
the  railroad.  The  distance  here  between  the  two  veins  is  200  feet, 
though  the  shaft  sunk  to  the  Lower  Kittanning  is  but  184  feet  deep. 

A  section  of  the  Thomas  (Upper  Freeport)  vein,  at  Thomas,  which 
is  an  average  of  thirty  sections  made  by  Mr.  F.  S.  Landstreet,  the 
General  Manager  of  the  Davis  Coal  and  Coke  Company,  the  chief 
operator  throughout  this  entire  region,  is  as  follows : 

Section  of  Thomas  Vein  ( Upper  Freeport)  at  TJwmas  Mine, 
West  Virginia. 

Inches. 

Coal, 18 

Bone  coal,  ...........       5 

Coal, 6 

Slate  and  bone,   .........         .4 

Coal, 4 

Bone  coal,  ...........       3 

Coal, 6 

Slate, 3 

Coal, 37 

Total 86 

Coal, 71 

Slate  and  bone,  ..........     15 
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Of  the  86  inches  shown  in  the  section,  some  78  inches  is  rained, 
the  upper  bench  (18  inches)  being  removed  first.  The  coal  is  harder 
than  that  of  the  Davis  seam,  breaks  with  a  cubical  fracture,  and  will 
stand  transportation  better.  The  lump  is  shipped  for  domestic  pur- 
poses and  the  run  of  mine  for  steam  purposes,  while  the  slack  is 
coked. 

Shipments  were  begun  from  this  field  in  1885,  since  which  time,  up 
to  December  31,  1892,  the  output  has  been  881,914  tons  of  2240 
pounds,  as  will  be  seen  from  the  following  table: 

Table  III. — Total  Shipments  of  Coal  from  All  the  Mines  in  the 
Upper  Potomac  Region  on  the  Line  of  the  West  Virginia  Central 
and  Pittsburgh  Railway  from  1885  to  December  31,  1893. 


Davis. 

Thomas. 

Douglas. 

Spring 
Garden 

Fairfax  Bayard 

Junior. 

Total. 

1885 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

8,434 

1,131 

9,565 

1886 

17,904 

2,772 

20,676 

1887 

18,287 

3,774 

22,061 

1888 

69,297 

10,350 

79,647 

1889 

99,771 

23,320 

696 

123,787 

1890 

111,477 

30,495 

1290 

143,262 

1891 

141,142 

55,888 

15,146 

1247 

357 

213,780 

1892 

107,877 

95,160 

62,860 

990 

416 

1833 

269,136 

1893 

1833 

423,610 

574,1S9 

222.890 

78,006 

3233 

1347 

416 

1,305,524 

The  total  production  of  the  Elk  Garden  and  Upper  Potomac 
fields,  from  the  beginning  of  shipments  in  1881,  have  been  as  fol- 
lows in  tons  of  2240  pounds.     (See  Table  IV.,  page  362.) 

Coke-Making  in  the  Upper  Potomac  Eegion. 

Though  all  three  seams  of  coal  mined  in  the  Elk  Garden  and 
Upper  Potomac  regions  are  coking.-coals,  only  two  are  coked,  the 
Thomas  (Upper  Freeport)  and  Davis  (Lower  Kittanning),  and 
chiefly  the  latter.  In  addition  to  its  being  more  valuable  as  a 
steam-  than  as  a  coking-coal,  the  Big  Vein  coal  is  lower  in  volatile 
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matter  than  either  the  Thomas  or  the  Davis  vein,  and  does  not  coke 
as  readily. 

There  are  three  coke-plants,  with  393  ovens,  in  this  field,  all  in 
the  Upper  Potomac  district,  no  coal  being  coked  at  present  in  the 
Elk  Garden  district.  Two  of  these,  the  plant  at  Coketon,  with  327 
ovens,  and  the  one  at  Douglas,  just  south  of  Coketon,  with  44  ovens, 
coke  the  Davis  seam.  The  plant  at  Thomas,  just  north  of  Coketon, 
with  22  ovens,  uses  the  Thomas  coal. 


Table  IV. —  Total  Coal- Production  of  Elk  Garden  and  Upper 
Potomac  Fields. 


Year. 

Elk  Garden. 

Upper  Potomac. 

Total. 

1881 

11,372 
257,068 
330,017 
458,760 
391,785 
326,253 
426,760 
483,951 
436,558 
556,978 
610,094 
533,110 
450,394 

11,372 
257,068 
330,017 
458,760 
401,350 
346,929 
448,821 
563,598 
560,345 
700,240 
823,874 
802,246 
874,004 

1882 

1883 

1884  

1885  

9,565 

20,676 

22,061 

79,647 

123,7S7 

143,262 

213,780 

269,136 

423,610 

1886 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

5,273,100 

1,305,524 

6,578,624 

The  ovens  used  are  all  bee-hives  of  the  standard  Connellsville 
type,  12  feet  in  diameter  by  7  feet  high,  the  batter  of  the  ovens 
beginning  18  inches  above  the  floor. 

Slack  or  fine  coal  only  is  used,  experience  having  shown  that  the 
run  of  mine  or  lump  does  not  yield  as  good  a  coke.  The  charge  is 
5J  tons  for  48-hour  and  6 J  tons  for  72-hour  coke.  The  actual  yield 
of  coke  by  weight  at  the  Coketon  plant,  using  the  Davis  seam,  is 
over  67  per  cent. 
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The  coke  is  bright,  silvery,  porous,  and  hard,  and  has  an  excel- 
lent reputation  for  foundry  uses  because  of  its  physical  characteris- 
tics and  low  sulphur.  It  is  shipped  largely  for  this  purpose  to 
Mexican  and  South  American  ports.  It  is  also  an  excellent  blast- 
furnace fuel,  and,  when  selected  and  crushed,  has  a  large  sale  for 
domestic  purposes. 

An  average  of  ten  analyses  of  coke,  made  from  the  Davis  seam  at 
Coketon,  West  Virginia,  is  as  follows: 


Average  of  Ten  Analyses  of  Coketon  Coke. 

48-hour. 
Per  cent. 

Water, 0.218 

Volatile  matter, 1.296 

Fixed  carbon, 89.352 

Ash, 9.134 


100.00 


Sulphur 0.5946 

Phosphorus, 0.0366 


72-hour. 

Per  cent. 

0.39 

1.348 

91.291 
6  971 

100.00 

0.566 
0.024 


The  first  shipment  of  coke  was  made  from  this  region  in  July, 
1887.  The  total  production  to  December  31,  1892,  was  242,205 
tons.     The  shipments  by  years  have  been  as  follows  : 


Table  V. — Statement  Showing  Total  Shipments  of  Coke  from  All 
Ovens  on  the  Line  of  the  West  Virginia  Central  and  Pittsburgh 
Railway  from  July,  1887,  when  the  First  Coke  was  Hade  to 
December,  31,  1893. 


Year. 

Thomas 
Ovens. 

Coketon 
Ovens. 

Douglas 
Ovens. 

Custer 
Ovens. 

Total 
Tons. 

1887 

2,211 
5,432 
12,657 
7,409 
8,901 
8,992 

2,211 
5,432 
12,657 
55,617 
80,489 
85,799 
84,186 

1888 

1889 

1890 

48,208 
68,273 
57,745 

1891 

3,315 

18,429 

1892 

633 

45,602 

174,226 

21,744 

633 

326,391 
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It  is  evident  not  only  from  the  character  of  the  coke  and  from  its 
special  adaptation  to  foundry  and  domestic  uses,  but  from  its  near- 
ness to  tide-water  and  to  markets,  that  the  coke-industry  in  this 
region  will  have  a  prosperous  future.  The  advantageous  position 
of  the  mines  to  the  trade,  and  the  excellent  quality  of  the  coal,  will 
enable  both  the  coal  and  coke  of  this  section  to  compete  at  all  times 
with  those  produced  in  other  districts. 


NOTES  ON  THE  BE- WORKING  OF  ANTHRACITE 
CULM-BANKS. 

BY  ARTHUR  W.    SHEAPER,    POTTSVILLE,    PA. 

(Virginia  Beach  Meeting,  February,  189J.) 

Mr.  Eckley  B.  Coxe,  in  his  able  and  interesting  paper  on  "  The 
Preparation  of  Small  Sizes  of  Anthracite/'*  read  and  discussed  at 
the  Glen  Summit  Meeting,  October,  1891,  refers  to  the  reputed  im- 
mense amount  of  coal  contained  in  the  culm-banks,  which  are  the 
unsightly  accompaniment  of  every  mining  operation  in  the  anthra- 
cite coal-regions.  Mr.  Coxe  thinks  the  available  amount  and  value 
greatly  exaggerated,  giving  among  his  reasons  (1)  the  spoiling  of  the 
culm  by  mixing  with  other  refuse;  (2)  its  deterioration;  (3)  its  de- 
struction by  fire  ;  and  (4)  frequent  failures  to  realize  expectations  as 
to  the  size  of  the  banks.  These  points  are  undoubtedly  important 
factors  in  determining  the  advisability  of  working  any  individual 
bank,  but  they  have  a  varying  influence  in  the  several  regions,  some 
prevailing  more  in  one  than  in  another. 

Although  the  amount  of  fuel  lying  waste  in  these  banks  is  still 
an  uncertain  and  undetermined  quantity,  yet  no  one  can  visit  the 
Schuylkill  region  without  being  impressed  with  the  fact  that  a  con- 
siderable amount  of  culm,  too  valuable  to  be  left  merely  to  the 
mercy  of  the  elements,  surrounds  and  encumbers  each  site  of  an  old 
or  present  colliery  operation. 

The  rapid  increase  in  the  number  of  washeries,  and  the  demand 
for  leases  on  old  culm-banks,  shows  that,  in  the  Schuylkill  region  at 
least,  the  question  of  deterioration  does  not  play  an  important  part. 
The  proportion  of  coal  to  refuse,  the  relative  percentage  of  the  sev- 
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eral  sizes  won,  the  cost  of  handling  and  washing,  and  the  market 
price  obtained,  are  the  elements  which  here  most  concern  the  owner 
of  a  washery-plant.  As  bearing  upon  the  question  of  proportion  of 
coal  to  refuse,  and  percentages  of  the  several  sizes  won,  I  append 
the  shipments  of  three  plants,  especially  constructed  for  the  re-work- 
ing of  culm-banks.  Each  of  the  banks  in  question  is  an  old  bank  ; 
that  is,  was  deposited  between  1865  and  1880,  before  the  day  of 
"buckwheat"  and  coals  of  still  smaller  size.  The  culm  is  almost 
exclusively  from  the  Mammoth  bed.  The  large  rock  and  other  re- 
fuse from  the  mines  had  been  in  these  cases  deposited,  in  the  main, 
separate  from  the  breaker- waste. 

The  sizes  of  screen-mesh  for  each  of  the  washeries  are  : 

Stove- coal,  over  1^  inches. 

Chestnut-coal,  through  1|  inches  over  f-  inch. 

Pea-coal,  through  ■§  inch  over  J  inch. 

Buckwheat-coal,  through  J  inch. 

Dirt,  through  ^  inch  and  over  T\  inch. 

The  percentage  of  No.  2  buckwheat  (rice)  shipped  is  so  small  that 
no  separate  account  has  been  made  of  it,  except  in  Table  VI.  Else- 
where it  is  included  under  the  head  of  buckwheat. 

Tables  I.  to  IV.  show  the  result  of  the  Stanton  washery  for  the 
years  1889  to  1892.  I  regret  that  I  am  unable  to  record  the  number 
of  wagons  of  culm  dumped  in  the  washery  each  month,  thus  giving 
the  data  upon  which  to  determine  the  number  of  cubic  feet  of  bank 
necessary  to  yield  1  ton  of  coal ;  but  careful  tests,  made  in  1889  and 
1890,  proved  that  70  per  cent,  of  the  bank  thus  worked  was  market- 
able, and  that  actually  60  per  cent,  was  shipped  from  the  breaker. 

The  bank  then  washed  was,  as  the  table  shows,  an  exceptionally 
good  one.  In  the  years  1891  and  1892  the  percentage  was  not  de- 
termined, but,  judging  from  the  tables,  it  could  not  have  yielded  more 
than  45  per  cent. 

Tables  V.  and  VI.  show  the  results  of  a  much  newer  operation, 
which  has  just  completed  its  second  year,  and  is  not  yet  working  the 
oldest  portions  of  the  banks. 

Tables  VII.  and  VIII.  show  the  percentages  obtained  in  a  still 
more  recent  operation,  working  a  poorer  bank,  much  mixed  with  large 
slate  and  rock.  There  is,  of  course,  a  large  amount  of  culm  smaller 
than  buckwheat,  which  is  now  allowed  to  waste  on  account  of  the 
limited  demand  for  such  sizes,  but  which,  iu  the  near  future,  will  be 
utilized  as  a  fuel,  and  thus  materially  increase  the  percentage  of  coal 
to  be  won  from  these  so-called  refuse  banks. 
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Table  I. — Stanton  Culm-Bank :  Shipments  for  1889. 

Size  of  Screen-mesh  :  Stove,  over  1]-  in. ;  Chestnut,  through  1}  in.,  over 
Pea,  through  f  in.,  over  £  in.;  Buckwheat,  through  A  in. 


January.... 

February .. 

March 

April 

May 

June 

July 

August 

September 

October 

November. 
December.. 


2   8 

rO     OS 


Total- 


Stove. 


5202 


18.20 
16.83 
20.36 
21.40 
20.15 
19.63 
23.88 
20.80 
22.94 
20.31 
19.62 
18.85 


20.59 


Chestnut. 


Pea. 


422H 


17.70 
18.92 
26.16 
19.95 
21.02 
22.85 
16.43 
17.22 
16.82 
13.31 
13.78 
13.35 


16.74 


3597 


12.20 
13.46 
7.10 
13.64 
13  88 
14.38 
14.03 
15.88 
13.75 
13.10 
15.31 
14.25 


Buckwheat. 


314 

312 

32 

407 
1002 
1112 
1319 
1407 
1204 
1679 
1705 
1734 


51.89 
50.78 
16.37 

il  95 
44.95 
13.12 

00      15.66 

12      40.19 
16     40.47 


53.27 
51.28 
53.52 


Total. 


5     * 


606.06 
614.14 
69.00 
906.15 
2231.03 
2579.07 

2888.04 

3053.11 

2592.07 
3152.18 
3326.10 

3211.13 


14.2412,233    12      18.4225,262.1 


Table  II. — Stanton  Culm-Bank  :  Shipments  for  1890. 

Size  of  Screen-mesh  :  Stove,  over  1^  in. ;  Chestnut,  through  \\  in.,  over  f  in.  ; 
Pea,  through  |  in.,  over  J  in.;  Buckwheat,  through  •>  in. 


January . 
February 
March .... 

April 

May  

June 

July 

August.... 
September 
Di  tober.... 
November 
December. 


0  8 


W>H 


Total. 


Stove. 


748 
475 
345 


822  12 

950 1  11 

1079  08 

811  00 

725  18 

736  17 

416  16 


8929    06 


Chestnut. 


502 
345 
501 
1449 

1 136 

1268 

1094 

I 

892 

937 

1417 

1183 


14.21  12,782    04 


304 

11 

360 

15 

929 

16 

1179 

hi 

794 

01 

761 

02 

860 

11 

732 

15 

890 

02 

12SS 

09 

03 


20.35    9763|  06 


Buckwheat 
and  culm. 


o 


1392  09 

898  01 
1030  in 


30S4 
3294 
2648 
3222 
3003 
2908 
2703 
3593 


15.55  31,333 


Total. 


H   O 


2023.18 
2297.12 
6286.16 

7056.05 
5957.19 

6053.07 

5260.01 
5545.13 

7036.07 

03,17.02 


04  49.8962,808.00 
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Table  III. — Stanton  Culm-Bank:  Shipments  for  1891. 

Size  of  Screen-mesh  :  Stove,  over  l\  in.  ;  Chestnut,  through  \\  in.,  over  f  in. ; 


Pea,  through 

t  in., 

over  j  in 

;  Buckwheat,  through  £ 

in. 

p.  . 

S  o 

Stove. 

Chestnut. 

Pea. 

Buckwheat 
and  culm. 

Total. 

§■2 

bod 

a 
o 

% 

ft 

a 
o 
H 

t 

o 

u 

Ph 

«5 

S 

o 

Eh 

> 

o 

o 

Ph 

0Q 

P 

o 

o 

Ph 

o       > 

January. 
March 

423 
329 
215 
156 
267 
234 
216 
W1 

15 
02 
16 
14 
07 
15 
13 
07 
03 
04 
07 
07 

945 
877 
824 
915 
986 
732 
758 
958 
856 
918 
720 
519 

18 
01 
03 
11 

06 
02 
00 
06 
07 
06 
12 
10 

1 

1197    00 
1329    17 
1617    14 
J359    06 
1326    13 
1275    17 
1260    07 
1390    18 
1161    10 

1357    18 

1 

1278  09 

1279  13 

4228 
3807 
4061 
4139 
3706 
4397 

03 

6794.16 
6343.01 
6718.18 
6570.14 
6287.05 
6640.13 
5829.06 
5919.08 
4909.16 
5845.12 
5131.06 
5083.07 

01 
05 
03 

19 
19 

July 

3594    06 
3308    17 

September 

260 
316 

008 

2631 
3253 
2903 
3132 

16 
04 

18 
17 

November. 
December. 

* 

I  151 

1 

' 

Total 

3061 

» 

4.25 

10,012 

02 

13.89 

15,835   02 

21.97 

43,165 

08 

59.89 

72,074.02 

Table  IV. — Stanton  Culm-Bank:  Shipments  for  1892. 

Size  of  Screen  mesh  :  Stove,  over  1|  in.;    Chestnut,  through  H  in ,  over  f  in. 
Pea,  through  f  in.,  over  5  in. ;  Buckwheat,  through  j  in. 


"ft  . 

5  S 

cr  ° 

bod 

OJTH 

Stove. 

Chestnut. 

Pea. 

Buckwheat 
and  culm. 

Total. 

a 

o 

^ 
0 

0 

Ph 

a 
0 

0 

H 

Ph 

c 
0 

fe 

0 
ft 

a 
0 
H 

O 

00 
17 
06 
19 
00 
02 
19 
05 
13 
13 
06 

0 

Ph 

c        t 

February.. 

189 
321 
187 
189 
258 
239 
120 
166 
332 
624 
61 

18 
15 
1    7 
05 
18 
07 
07 
16 
12 
02 
04 

01 

5.37 

443 
616 
435 
380 
569 
562 
350 
308 
353 
497 
196 

05 
05 
04 
02 
17 
13 
14 
08 
08 
02 
04 

834 

1162 

1204 

836 

1321 

940 

599 

1267 

1282 

972 

565 

03 
15 
04 
03 
19 
15 
10 
16 
08 
13 
15 

2452 
3251 
3223 
2291 
3971 
3575 
2629 
2837 
3312 
2471 
1741 

3919.06 
5352.12 
5050.11 
3697.09 
0121.14 
5317.17 
3700.10 
4580.05 
5281.01 
4565.10 
2564.09 

August 

September 
October 
November. 
December. 

Total 

2692 

4713 

02 

9.40 

10,988 

01 

21.91 

31,758 

00  1  63.32 

50,151.04 
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ABTESIAN  WELL  PROSPECTS  IN  EASTERN  VIRGINIA, 
MARYLAND  AND  DELAWARE.* 

BY  N.    H.    DARTON,   TJ.    S.    GEOLOGICAL  SURVEY,   WASHINGTON,   D.    C. 
(Virginia  Beach  Meeting,  February,  1894.) 

In  the  coastal  plain  region  of  the  middle  Atlantic  slope  there  are 
no  large  supplies  of  potable  surface-waters.  The  great  rivers  by 
which  the  region  is  intersected  are  tidal  estuaries,  and  the  water  of 
their  local  branches  is  often  of  bad  quality.  The  cities  situated  at 
intervals  along  the  western  margin  of  the  region  obtain  a  plentiful 
supply  of  excellent  water  from  the  rivers  above  the  tidal  estuaries, 
but  out  on  the  coastal  plain  surface-waters  are  mainly  used.  A  few 
artesian  wells  have  been  sunk  which  afford  abundant  water,  but 
their  number  is  at  present  very  limited.  Norfolk,  Newport  News, 
and  the  many  smaller  places  use  surface-waters,  and  all  over  the 
region  there  is  great  need  for  purer  and  more  abundant  supplies. 

During  the  past  five  years  I  have  been  engaged  in  a  study  of  the 
geology  of  the  coastal  plain  for  the  U.  S.  Geological  Survey,  and 
have  given  special  attention  to  the  question  of  subterranean  waters. 
In  this  communication  I  shall  present  a  brief  review  of  the  geo- 
logical conditions  under  which  such  waters  occur  in  this  region,  and 
give  an  account  of  the  wells  which  have  been  bored.  Unfortunately 
the  number  of  well-records  is  small,  and  some  of  the  most  impor- 
tant questions  of  subterranean  geology  are  as  yet  far  from  settled. 
It  is  hoped  that  this  paper  may  lead  to  further  borings,  especially  as 
the  cost  of  artesian  wells  has  been  much  reduced  by  the  introduction 
of  new  machinery  and  methods,  and  is  now  quite  within  the  reach 
of  the  average  community.  In  New  Jersey  there  are  many  wells, 
and  the  water-bearing  horizons  are  so  definitely  determined  that 
they  may  almost  everywhere  be  predicted  with  certainty.  In  Mary- 
land and  Virginia  the  data  are  less  definite,  but  there  is  excellent 
evidence  of  a  wide  distribution  of  water  at  moderate  depths. 

*  Published   by  permission  of  the   Director  of  the   United  States  Geological 
Survey. 
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Geology  of  the  Middle  Atlantic  Coastal  Plain 
Region. 

It  is  proposed  to  give  under  this  heading  a  brief  outline  of  the 
general  structure  of  the  region  in  order  that  the  relations  of  the 
water-bearing  strata  may  be  clearly  understood. 

The  coastal  plain  is  a  belt  of  country  extending  along  the  At- 
lantic slope  from  the  ocean  westward  to  a  width  averaging  about  100 
miles.  The  surface  is,  in  greater  part,  smooth  or  gently  rolling, 
and  slopes  up  gradually  to  the  westward  to  altitudes  of  from  300  to 
400  feet.  It  is  intersected  by  a  series  of  bays  and  long,  narrow 
tidal  estuaries  of  rivers,  which  are  surrounded  by  low  lands  to  the 
east,  but  are  flanked  by  moderately  high  plateaus  and  hills  as  the 
country  rises  inland. 

The  region  is  underlain  by  a  series  of  great  sheets  of  unconsoli- 
dated deposits,  consisting  mainly  of  sands  and  clays,  which  lie  on  an 
east-sloping  floor  of  older  rocks,  predominantly  granite  and  gneiss. 
These  deposits  constitute  a  great  flat  wedge,  inclined  to  the  east  and 
southeast,  and  presenting  its  thin  edge  to  the  west  and  northwest. 
The  underlying  rocks  come  to  the  surface  along  a  line  extending 
from  New  York  to  Petersburg,  passing  near  Trenton,  Philadelphia, 
Wilmington,  Baltimore,  Washington,  Fredericksburg,  and  Rich- 
mond, and  they  extend  to  the  westward  up  the  gentle  slope  of  the 
Piedmont  plateau  to  the  base  of  the  Blue  Ridge.  (See  Plates  I.  and 
II.) 

The  great  sheets  of  sedimentary  deposits  are  comprised  in  a  series 
of  formations  which  are  separated  by  unconformities.  The  desig- 
nations of  these  formations  and  their  general  characteristics  and  ages 
are  as  follows : 


Formation. 


tti 


Columbia, 


g  f  Lafayette, 
|  1  Chesapeake, 


Characteristics. 
Loams,  sands,  and  gravels  on  terraces. 

Gravels,  sands,  and  loams, 

Sands,  clays,  infusorial  earth,  and  marl, 


<§1 


Pamunkey,  Glauconitic  marls  and  sands, 

Severn,  Black  argillaceous,  carbonaceous  sands, 

Magolhy,  White  sands  and  brown  sandstones, 

Potomac,  Clays,  sands,  and  gravels, 


Paloeontologic 
position. 


Pliocene? 
Miocene. 

Eocene. 

Cretaceous. 
Cretaceous. 
Early  Cretaceous. 


The  Columoia  formation  occupies  terraces  along  the  tidal  estuaries, 
the  entire  area  of  the  regions  east  of  the  Chesapeake  bay,  and  much 
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of  southern  New  Jersey.  It  is  in  greater  part  a  thin  sheet  of  loam 
merging  downward  into  a  gravel  bed,  and  its  total  thickness  rarely 
exceeds  25  feet.  The  basal  gravel  contains  water  in  moderate 
amount,  and  is  the  general  source  of  supply  for  dug  wells  in  the 
lower  lands  of  the  region.  The  water  is  usually  of  excellent 
quality,  but  in  thickly  settled  districts  and  where  surface  drainage 
is  defective,  it  is  very  subject  to  contamination. 

The  Lafayette  formation  is  a  thin  sheet  of  gravels  and  loams  which 
covers  the  plateau  region  in  Virginia  and  southern  Maryland,  but 
has  been  removed  to  the  northward.  It  often  has  water-bearing 
gravels  at  its  base,  and  they  are  the  source  of  local  water  supply 
over  wide  areas  in  Virginia  and  Maryland;  but  the  water  is  similar 
to  that  of  the  Columbia  formation  in  being  subject  to  surface  con- 
tamination. 

The  Chesapeake  formation  is  the  most  extensive  member  of  the 
coastal  plain  series,  although  it  is  overlain  in  greater  part  by  thin 
sheets  of  Columbia  or  Lafayette  deposits.  Its  western  edge  extends 
to  the  crystalline  rocks  in  Virginia,  and  it  thickens  rapidly  eastward 
to  over  1000  feet  at  the  coast  line.  (See  sections  in  Plate  II.)  It 
consists  of  a  series  of  beds  of  sand  and  clay,  which  dip  gently  east- 
ward at  a  rate  of  about  25  feet  per  mile  in  New  Jersey,  15  feet  per 
mile  in  Maryland  and  Delaware,  and  somewhat  less  in  Virginia. 
These  beds  rise  to  the  surface  in  succession  on  the  dip,  and  extend 
longitudinally  along  the  coastal  plain  with  a  northeast  and  south- 
west strike.  Clays  predominate,  and  the  sands  are  in  greater  part  of 
impalpably  fine  grain.  The  lower  clay  members  contain  a  large 
proportion  of  diatom  remains,  and  this  diatomaceous  series  is  a  char- 
acteristic member  of  the  formation  over  its  entire  area.  Interbedded 
with  the  clays  and  fine  sands  at  various  horizons,  there  are  beds  of 
coarser  water-bearing  sands,  some  of  which  underlie  wide  areas  and 
contain  much  water.  These  water-bearing  beds  have  been  penetrated 
by  the  greater  number  of  wells  northward,  and  in  New  Jersey  their 
stratigraphic  and  areal  distribution  and  rate  of  dip  have  been  well 
established.  At  the  base  of  the  Chesapeake  formation  there  are 
usually  gravelly  sands,  of  greater  or  less  thickness,  underlying  the 
diatomaceous  clays,  and  these  basal  beds  are  generally  water- 
bearing. 

The  Pamunkey  fonnation  underlies  the  Chesapeake  deposits  in 
Maryland  and  Virginia,  and  possibly  off  to  the  southeastward  in 
New  Jersey  and  Delaware.  It  outcrops  over  the  surface  in  a  con- 
siderable area  southeast  of  Baltimore  and  east  of  Washington,  in 
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Maryland,  and  about  Fredericksburg  and  on  the  upper  portions  of 
the  tide-water  depressions  in  Virginia. 

It  consists  mainly  of  glauconitic  sands  and  marls  which  are  in 
greater  part  fine-grained.  It  usually  contains  less  water  than  the 
Chesapeake  sands,  but  it  furnishes  a  moderate  supply  to  certain  ar- 
tesian wells.  The  formation,  which  attains  a  thickness  of  about  150 
feet  in  surface-outcrops,  appears  to  thicken  gradually  to  the  east- 
ward ;  but  its  precise  thickness  in  that  direction  is  not  known. 
Some  of  its  relations  are  shown  in  the  three  lower  sections  of  Plate  II. 

The  Severn  formation  underlies  the  Pamunkey  formation  in  Mary- 
land. It  is  the  attenuated  southern  extension  of  the  great  green- 
sand  marl  series  of  New  Jersey,  and  terminates  at  the  surface  near 
Washington,  D.  C.  In  Maryland,  it  consists  of  dark  carbonaceous 
clays  which  expand  in  New  Jersey  to  a  series  of  clays  overlain  by 
sands,  of  which  several  beds  are  highly  glauconitic.  It  occupies 
the  surface  over  a  wide  area  in  New  Jersey,  where  it  is  overlain  by 
the  Chesapeake  formation  to  the  eastward.  The  thickness  in  Mary- 
land is  not  over  75  feet,  but  in  New  Jersey,  according  to  a  recent 
estimate  by  Dr.  W.  B.  Clark,  the  thickness  is  470  feet,  In  Mary- 
land this  formation  is  not  notable  as  a  water-bearer,  but  in  New 
Jersey  many  of  the  sand-beds  contain  more  or  less  water. 

The  Magothy  formation  is  a  thin  local  series  of  coarse  white  sands 
with  sandstone  streaks  which  underlie  the  Severn  formation  in  north- 
eastern Maryland.  It  is  undoubtedly  a  water-bearer,  but  has  not  as 
yet  been  penetrated  by  many  artesian  wells. 

The  Potomac  formation,  the  great  basal  member  of  the  coastal 
plain  series,  lies  directly  on  the  floor  of  crystalline  rocks.  In  Vir- 
ginia it  consists  of  sands  with  interbedded  clay  sheets  and  lenses. 
In  Maryland  it  is  a  great  mass  of  clays  with  interbedded  fine  sands, 
but  it  has  a  basal  series  of  coarse  sands  and  gravels  lying  on  the  crys- 
talline rocks.  In  New  Jersey  it  is  the  Plastic  clay  series,  or  Raritan 
clay,  which  contains  sand-beds  and  has  a  basal  series  of  coarse  frag- 
mental  deposits.  From  Trenton  to  Staten  Island  it  lies  on  the 
Newark  (Juratrias)  sandstones  and  shales.  The  thickness  of  the 
formation  is  about  600  feet  at  Washington,  apparently  somewhat 
more  than  this  east  of  Baltimore,  and  350  feet  in  New  Jersey  (ac- 
cording to  Smock's  Clay  Report).  Its  thickness  and  components 
out  under  the  later  Cretaceous  and  Tertiary  deposits  are  not  known, 
for  it  does  not  appear  to  have  been  reached  by  any  of  the  eastern 
wells.  The  gravels  and  sands  of  the  Potomac  formation,  notably 
those  lying  on  the  surface  of  the  crystalline  rocks,  contain  a  large 
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supply  of  water,  and  a  number  of  wells  along  the  western  edge  of 
the  coastal  plain  draw  from  this  horizon.  I  have  great  confidence 
in  the  extension  of  this  water-stratum  eastward,  for  the  crystalline 
surface  is  the  floor  for  all  the  underground  drainage,  and  should  be 
expected  to  have  supplied  coarse  permeable  materials  to  the  immedi- 
ately adjacent  sediments.  The  water-sheds  of  this  horizon  are  not 
extensive  in  Virginia,  owing  to  the  overlap  by  the  later  formations, 
which  restrict  the  outcrop  of  basal  Potomac  members  to  the  river- 
depressions.  From  Washington  to  the  head  of  the  Chesapeake  bay 
in  Maryland  it  occupies  the  surface  in  a  belt  of  considerable  width  ; 
and  although  this  belt  is  overlain  by  Columbia  deposits  throughout 
northern  Delaware  and  the  western  part  of  southern  New  Jersey,  a 
large  amount  of  water  passes  into  the  formation  in  this  region. 

On  Certain  Conditions  Affecting  Subterranean  Waters. 

Before  proceeding  to  the  well  records  and  considering  their  sig- 
nificance, it  may  be  well  to  point  out  some  conditions  which  affect 
the  occurrence  of  subterranean  waters.  I  shall  notice  only  a  few 
points  here,  and  those  who  are  interested  in  a  more  extended  discus- 
sion should  read  the  paper  by  T.  C.  Chamberlin,  entitled  "  The 
Requisite  and  Qualifying  Conditions  of  Artesian  Wells."*  The 
simplest  condition  of  underground  waters  is  shown  in  Section  I.  of 
Fig.  1. 

The  water  enters  the  coarse  stratum  at  its  outcrop  over  the  belt,  A  A, 
and  flows  down  the  dip,  being  confined  to  the  coarse  stratum  by  im- 
pervious materials  above  and  below.  When  it  is  tapped  at  B  it 
rises  to  a  level  approximately  as  high  as  AA.  On  the  coastal  plain 
there  are  probably  two  other  qualifying  conditions  of  greater  or  less 
importance.  The  first  is  shown  in  Section  II.  of  the  figure.  This 
represents  a  diminution  in  the  coarseness  of  the  materials  down  the 
slope  until  finally  the  bed  becomes  so  fine-grained  as  to  be  imper- 
vious to  the  water.  Under  this  condition  a  well  at  C  would  afford 
water,  but  one  at  D  would  not.  In  case  this  fining  of  materials  was 
mainly  in  irregular  beds  or  in  local  areas,  the  districts  underlain  by 
water  would  be  restricted  to  the  areas  underlain  by  the  coarse  mate- 
rials. 

This  relation  is  probable  throughout  the  coastal  plain,  for  the  old 
shore  of  the  deposits  was  near  A,  and  the  fineness  of  materials  in- 

*  U.  S.  Geological  Survey,  J.  W.  Powell,  Director,  5th  Annual  Report,  1883-84, 
pp.  125-174. 
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creases  off-shore  in  most,  if  not  all,  of  the  formations.  Beds  which 
contain  much  water  to  the  westward  prove  to  be  entirely  fine-grained 
and  barren  of  water  to  the  east  and  southeast. 

A  third  condition,  which  is  quite  widespread  in  Virginia,  from 
Fredericksburg  to  Petersburg,  is  shown  in  Section  III.  This  rep- 
resents an  overlap  of  fine  materials  across  the  catchment  outcrop  of 
the  coarse  beds,  and  this  probably  greatly  diminishes  the  amount  of 
water  in  the  permeable  bed.  In  Virginia  the  Pamumkey  and  Poto- 
mac formations  are  overlapped  in  this  way  by  the  clays  of  the  Ches- 
apeake and  the  loams  of  Lafayette  and  Columbia,  and  although  they 
are  more  or  less  widely  bared  of  these  deposits  in  the  river-depres- 
sions, they  are  cut  off  for  considerable  widths  on  the  divides. 


Ideal  Sections  Illustrating  Certain  Conditions  of  Underground  Waters. 


Section  II.  is  introduced  to  illustrate  the  reason  why  some  of  the 
beds  which  hold  water  to  the  westward  have  not  yielded  or  possibly 
may  not  yield  water  to  the  eastward. 

Section  III.  has  a  somewhat  similar  bearing  in  practical  result, 
but  the  same  beds,  which  are  widely  overlapped   by  impermeable 
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deposits  in  Virginia,  are  widely  bared  to  the  northward,  and  could 
receive  ample  water-supply  diagonally  down  the  dip  from  that  di- 
rection. 

Well-Records. 

In  Maryland,  Virginia  and  Delaware  there  are  relatively  few  ar- 
tesian wells,  and  the  records  of  those  which  have  been  bored  do  not 
in  every  case  afford  definite  information  as  to  the  underground  ge- 
ology. I  have  received  borings  from  several  of  the  wells,  but  for 
the  others  I  have  only  second-hand  data.  I  shall  here  present  all 
the  information  which  I  have  secured,  not  only  for  its  bearing  on 
the  present  discussion,  but  to  serve  for  comparison  by  other  ob- 
servers. Some  of  the  records,  which  have  been  published  before, 
are  here  reproduced  because  I  shall  need  to  review  all  the  evidence 
obtainable  and  wish  to  place  all  data  on  record  in  this  paper. 

Fort  Monroe,  Old  Point  Comfort,  Virginia. — A.  well  was  started 
at  this  locality  in  1845,  but  was  abandoned  at  168  feet.  In  1864, 
another  boring  was  started  and  a  depth  of  906  feet  was  attained. 
No  water  was  obtained  in  these  wells,  but  they  both  appear  to  have 
been  badly  managed,  and  the  failure  of  the  deeper  one  may  be  due 
to  this  cause.  I  believe,  however,  that  it  was  not  sufficiently  deep 
and  that  the  stratum  in  which  water  should  be  expected  is  at  a  con- 
siderably greater  depth.  This  is  a  very  important  consideration,  and 
as  it  rests  mainly  on  the  identification  of  the  geologic  horizon  of  the 
well-borings,  I  shall  discuss  at  some  length  the  basis  of  my  opinion. 
During  the  boring  of  the  well,  samples  of  the  borings  were  sent  to 
Professor  W.  B.  Rogers,  formerly  State  Geologist  of  Virginia,  who 
prepared  the  following  descriptive  list  of  the  strata  penetrated.* 

At 
151  feet,  Fine  yellowish-gray  sand,  with  fragments  of  shells. 

15S  feet.  Buff  argillaceous  marl. 

160  feet.  Fragments  of  Turritella  and  Pectens  in  gray  marl  mostly.    Comminuted 

shells. 
164  feet,  Cinches.      Fragments  of  Turritella  and  Pectens  in  gray  marl  mostly.    Comminuted 

shells. 
166  feet,  10  inches.    More  sandy  than  last.    Fragments  of  Area. 
168  feet,  10  inches.    More  sandy  than  lust,  with  Balanus,  etc. 
170  feet,  10  inches.    Gray  sand,  with  Area,  etc. 
192  feet.  Greenish-gray.    Sandy.    Turritella. 

194  feet.  Lighter  gray.    Sandy.    Turritella. 

197  feet.  More  clayey  than  191  feet. 

202  feet.  More  clayey  than  194  feet.    Fragments  of  Venus,  etc. 

204  feet.  More  clayey  than  194  feet.    Fragments  of  Venus,  etc. 

208  feet.  More  clayey  than  194  feet    Fragments  of  Venus,  etc.,  with  Perna,  Venus. 

etc. 

*  This  record  is  published  in  The  Virginias,  vol.  iii.,  pp.  151-152,  and  in  Geology 
of  the  Virginias,  New  York,  1884,  pp.  7H1-736. 
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At 

390  feet.  Tenacious  gray  clay,  with  shelly  matter. 

400  feet.  Gray  sandy  clay.    Artempe,  Venus,  etc. 

430  feet.  Yellowish  sandy  clay. 

555  feet.  Light  clay,  gray  brown  in  color.    Foraminiferse. 

558  feet.  Infusorial  earth  containing  manytspecies. 

570  feet.  Miocene  down  to  about  this  depth. 

574  feet.  Cetacean  bone. 

577  feet.  Concretions  of  sand,  marl  and  shells,  composed  of  loam  sand,  little  pieces 
of  milky  and  smoky,  and  sometimes  rose,  quartz  often  subangular, 
Between  577  feet  and  583  feet  is  probably  the  base  of  the  Miocene.  Be- 
tween 580  feet  and  590  feet,  shark's  teeth,  and  Galeoccrda  lateralis. 

583  feet.  Sandy  clay,  brownish. 

590  feet.  Very  sandy  clay.    About  5  per  cent.  sand.    Shark's  teeth. 

604  feet.  Brownish-gray,  sandy  clay. 

628  feet.  Brownish-gray,  sandy  clay.    Less  sand. 

640  feet.  Greenish-gray,  sandy. 

670  feet.  Lightest  gray  clay. 

699  feet.  Brownish-gray,  sandy  clay.  Less  sand  than  604  feet.  Same  in  bed  as 
628  feet. 

784  feet.  Brownish-gray,  sandy  clay.    Same  as  604  feet. 

815  feet.  Gray  sandy  clay. 

835  feet.  Very  coarse  sand. 

853  feet.  Conglomerate  of  clay,  sand  and  pebbles. 

863  feet.  Rather  fine  clay  with  a  little  sand. 

865  feet.  Rather  fine  clay  with  a  little  sand. 

870  feet.  Coarse  sandy  clay,  brownish  or  reddish  blotches. 

877  feet.  Clay  embedding  fragments  of  granite. 

885  feet.  Gray  clay  with  occasional  fragments  of  coarse  sand. 

890  feet.  Gray  clay  with  occasional  fragments  of  coarse  sand. 

900  feet,  Clay  and  sand  in  layers,  with  some  coarse  pebbles  and  reddish  blotches. 

901  feet.  Reddish  mottled  clay  with  quartz  pebbles. 

902  feet.  Reddish  mottled  clay  with  coarse  sand. 

903  feet.  Reddish  mottled  clay  with  coarse  sand. 

907  feet.  Total  depth  of  boring  below  parade  ground. 

This  table  does  not  give  the  thickness  of  the  beds,  which  is  greatly 
to  be  regretted.  The  suggestion  of  Prof.  Rogers  that  the  base  of  the 
Miocene  is  between  577  and  583  feet  was  due  to  the  supposition  that 
the  infusorial  beds  here  characterized  the  very  base  of  the  formation 
and  that  the  occurrence  of  shark's  teeth  indicated  the  underlying 
Eocene  deposits.  It  was  also  suggested  that  the  lower  beds,  from 
perhaps  835  feet  to  the  bottom,  may  possibly  be  Jurassi-Cretaceous, 
or  the  Potomac  formation,  of  later  writers.  This,  I  suppose,  was 
based  on  the  presence  of  reddish  mottlings  and  coarse  sand  streaks 
in  the  lowest  clays. 

In  1880,  Prof.  Fontaine,  of  the  University  of  Virginia,  examined 
the  old  records  of  the  borings,  and  an  account  of  these,  which  he 
has  published,  adds  materially  to  our  knowledge  of  the  strata  pene- 
trated.* The  record,  as  compiled  from  Fontaine's  notes  and  de- 
scriptions of  the  old  records,  is  as  follows : 

*  "The  Artesian  Well  at  Fort  Monroe,  Va." — The  Virginias,  vol.  iii.,  pp.  18-19, 
1882. 
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No.  feet 

bored. 

0-  30 

30-  40 

40-  43 

43-  63 

63-155 

155-162 

162-167 

167-185 

185-228 

228-229 

229-239 

239-240 

240-248 

248-249 

249-254 

254-256 

256-265 

265-280 

280-475 


475-480 
480-572 


572 

572-599 
599 


Thickness  of 

Stratum. 

30 

10 

3 
20 
92 

7 

5 
18 
43 

1 
10 

r 

8 

l 

5 

2 

9 

15 

195 


5 
92 


27 


599-669 

70 

669-830 

161 

830- 

830-851 

21 

851- 

851-853 

2 

853- 

853-855 

2 

855-858 

3 

858-874 

16 

874-885 

11 

885-890 

5 

890- 

890-906 

16 

Character  of  Rorings  from  each  Stratum. 

White  beach  sand. 

Yellow  beach  sand. 

Small  boulders. 

Mud  or  marl  with  shells. 

Green  sand  with  shells. 

Impervious  mud.     No  shells. 

Green  sand  and  shells. 

Concrete  sand,  stones,  shells,  sharp  grit. 

Green  sand  with  shells. 

Concrete,  hard  shells  and  sandstones. 

Marl.     Shells  abundant. 

Concrete  (shell-rock),  hard. 

Marl  and  shells. 

Concrete  sand. 

Marl  and  shells. 

Concrete  sand. 

Mail  and  shells. 

Mail  free  from  shells. 

Stiff  clay,  very  tenacious,  of  greenish-yellow 
color  which  changes  to  a  light  gray  after 
exposure  to  the  atmosphere. 

Very  fine  sand. 

Stiff  clay  of  light  greenish-yellow  color, 
which  changes  to  light  gray  on  ex- 
posure. 

Concrete  sand  with  shark's  teeth  and  ceta- 
cean vertebrae. 

Clays  more  sandy. 

Sands  with  10  to  20  percent,  of  clay.  They 
were  water-bearing,  and  the  water  rose 
above  level  of  parade  ground  for  several 
days.     It  was  very  saline. 

Stiff  clay,  becoming  sandy  below. 

Stiff  pure  clays,  becoming  sandy  at  base. 

Clays  contain  SO  per  cent,  of  sand. 

Very  sandy  clays. 

Few  pebbles. 

? 

Conglomerate  of  clay,  sand  and  small  gravel. 

? 

Hard  crust. 

Stiff  clay. 

Stiff  clay,  variegated  in  color. 

Very  dark  stratum  (clay?). 

Change  in  color. 

Bandy  clav. 


Unfortunately,  as  Prof.  Fontaine  observes,  this  record  is  so  meager 
that  it  yields  only  hints  as  to  horizons.     He  expresses  the  opinion 
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that  the  Miocene  and  Eocene  have  a  thickness  of  at  least  800  feet 
and  "  that  there  is  little  doubt  that  at  a  depth  of  851  feet  the  borings 
were  in  the  Mesozoic  (Potomac)  strata.  This  is  indicated  by  the 
presence  of  the  pebbles  "...."  and  the  variegated  strata  give 
us  another  proof  that  the  beds  at  874  feet  are  Mesozoic,  for  many  of 
the  Mesozoic  strata  along  the  eastern  border  are  strikingly  varie- 
gated." 

In  1891  I  secured  an  order  from  the  chief  engineer  of  the  army, 
at  Washington,  and  visited  Fort  Monroe  for  the  purpose  of  examin- 
ing the  borings.  Having  spent  several  years  in  studying  the  out- 
crops of  the  beds,  I  believed  I  could  recognize  the  strata  penetrated 
by  the  well.  It  was  found,  however,  that  the  greater  part  of  the 
borings  were  lost,  but  fortunately  a  series  from  600  feet  to  877  feet 
were  remaining.  Portions  of  these  were  secured  and  have  been 
studied  with  considerable  care.  They  are  in  greater  part  light- 
greenish  and  brownish  clays,  and  may  represent  the  lower  members 
of  the  Chesapeake  (Miocene)  formation  or  possibly  the  upper  portion 
of  the  Pamunkey  (Eocene).  The  877  feet  sample  is  a  mixture  of 
fine  sand  and  clay,  of  dirty  gray  color,  and  contains  moderately 
small,  angular  quartz  grains.  This  is  a  material  often  found  in  the 
lower  portion  of  the  Chesapeake  formation  in  the  central  part  of  the 
coastal  plain  region.  The  865  feet  and  811  feet  samples  were  more 
argillaceous,  and  quite  like  typical  Chesapeake  clay.  They  were  all 
entirely  unlike  Potomac  clays.  At  Richmond,  and  along  the  western 
border  of  the  coastal  plain  belt,  the  infusorial  series  is  of  moderate 
thickness,  and  lies  in  greater  part  near  the  base  of  the  formation ; 
but  eastward  it  is  now  known  to  thicken,  and  to  overlie  a  consider- 
able series  of  dark,  heavy  clays  of  various  kinds.  Whether  this 
relation  is  due  to  the  overlap  of  older  Miocene  deposits  or  to  an 
ascent  of  the  diatom  fauna  through  the  formation  is  not  yet  definitely 
determined  but  the  overlap  is  probable.  The  thickness  of  diatoma- 
ceous  beds  is  at  least  300  feet  eastward.  The  occurrence  of  the  thin 
rifts  of  pebbles  mentioned  by  Rogers  and  Fontaine  is  no  indication 
of  any  particular  horizon;  for  I  have  observed  them  occasionally  in 
both  Miocene  and  Eocene  at  the  surface.  The  local  reddish  mottling 
mentioned  from  900  feet  to  903  feet  by  Rogers  is,  it  seems  to  me,  of 
no  import  whatever;  for  it  might  occur  restrictedly  at  any  horizon. 
The  sharks'  teeth  are  not  distinctive  ;  for  remains  of  Eocene  fossils 
of  this  character  often  occur  redeposited  in  the  Chesapeake  beds. 
With  these  facts  in  mind,  it  is  my  opinion  that  this  well  may  not 
have  penetrated  to  the  base  of  the  Chesapeake  formation,  although 
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it  may  possibly  be  in  the  Pamunkey  (Eocene).  It  is  thought  that 
it  would  have  penetrated  to  the  Potomac  formation  at  about  1100 
feet  and  to  the  "  granite"  at  the  base  of  the  series,  a  few  hundred 
feet  deeper.  As  neither  the  thickness  of  the  Potomac  in  this  region 
nor  the  precise  depth  to  its  surface  is  known,  I  can  only  give  ap- 
proximate figures.  A  supply  of  water  should  be  expected  on  the 
surface  of  the  granite  and,  as  before  explained,  the  depth  to  this  at 
Fort  Monroe  is  quite  certainly  less  than  1500  feet. 

About  two  years  ago  an  allotment  was  made  for  a  new  well  at 
Fort  Monroe,  and  I  was  consulted  by  Lieut.-Col.  Haines,  of  the 
U.  S.  Engineer  Corps,  in  regard  to  its  prospects.  I  predicted  that 
water  would  probably  be  found  between  1300  and  1500  feet  and  that 
I  should  expect  its  amount  and  quality  to  be  satisfactory.  Owing  to 
some  official  causes,  the  boring  has  not  as  yet  been  commenced,  and 
I  do  not  know  the  plans  of  the  War  Department  regarding  it.  A 
properly  bored  well  at  Fort  Monroe  would  throw  much-needed  light 
on  the  underground  geology  of  southeastern  Virginia  and  would 
probably  afford  a  general  basis  for  water-predictions  over  a  wide  area 
of  that  region. 

Noi'th  End  Point — Sack  River. — This  well  is  about  six  miles 
north-northwest  of  Fort  Monroe  and  was  bored  in  1886-87  to  a 
depth  of  1172  feet.  It  did  not  yield  a  supply  of  water,  owing,  I 
believe,  to  insufficient  depth.  It  is  asserted  to  have  reached  granite ; 
but  no  sample  was  obtained,  and  the  nature  of  the  rock  was  only  sur- 
mised from  its  great  hardness.  The  record  of  this  well,  kindly  fur- 
nished to  me  by  Mr.  C.  C.  Knox,  of  Norfolk,  is  as  follows: 

Depth  in 


feet. 

Material. 

0-     75 

White  sand  and  gravel. 

75-     80 

Blue  clay. 

80-  100 

"White  sand. 

100-  130 

Thin  layers  of  sand  and  blue  clay 

130-  155 

Blue  or  gray  sand. 

155-  165 

Quicksand. 

165-  170 

Hard  white  sand. 

170-  185 

Loose  white  sand. 

185-  187 

Black  marl. 

187-  249 

White  sand  and  marl. 

249-  250 

Rock. 

250-  207 

Blue  clay. 

267-  268 

Stone. 

268-  275 

Hard  sand. 

275-  530 

Blue  clay  with  thin  marl  layers. 

530-  600 

Hard  blue  clay. 

600-  618 

Quicksand. 
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Depth  in 
feet.  Material. 

618-  620  Stone  or  boulder. 

620-  625  White  sand. 

625-  626  Yellow  sand. 

626-  695  Clay  and  sand  mixed. 

695-  696        Gravel  and  clay. 

696-  740        Hard  and  soft  layers  of  blue  clay. 
740-  748        Very  hard  clay. 

748-  913  Soft  blue  clay. 

913-  920  Hard  blue  clay. 

920-  926  Coarse  sand. 

926-  939  Sandstone. 

939-  955  Hard  sandstone. 

955-  973  Hard  sand  with  few  gravels. 

973-1000  Hard  sandstone. 

1000-1007  Sandstone  with  two  veins  of  gravel  and  some  water. 

1007-1 01 5  Alternate  layers  of  sand  and  sandstone,  3  to  4  feet  thick. 

1015-10S0  Alternate  layers  of  sand  and  sandstone,  5   to  1.5  feet 

thick. 

1080-1100  Very  hard  white  sand. 

1100-1155  Sandstone. 

1155-1160  Red  sandstone. 

1160-1170  Hard  sandstone. 

1170-1172  Hardest  kind  of  stone  or  granite.     Here  drill  rods  broke 
and  work  was  abandoned. 

Unfortunately  I  was  unable  to  examine  any  of  the  borings  from  the 
well,  and  from  the  above  notes  cannot  identify  the  lower  strata  with 
certainty.  The  Chesapeake  and  Pamunkey  formations  certainly  ex- 
tend to  920  feet,  and  the  soft  blue  clay  of  748  feet  to  913  feet  strongly 
suggests  Chesapeake  beds.  The  sand  and  sandstones  from  920  feet  to 
1170  feet  are  almost  certainly  the  representatives  of  the  Potomac  for- 
mation. It  is  possible  that  this  well  penetrated  to  and  through  the 
Potomac  formation  to  the  underlying  granite  ;  and  if  this  is  the  case, 
the  probability  of  Artesian  water  supply  in  the  region  is  not  great; 
for  no  water  will  be  found  in  the  granite;  if,  on  the  other  hand, 
boring  stopped  in  a  hard  sandstone  within  the  Potomac  formation,  it 
is  probable  that  water  would  be  found  in  gravels  and  sands  which  I 
should  expect  to  find  lying  on  the  granites  at  no  great  depth  below. 

Lambert's  Point  near  Norfolk. — A  well  was  bored  at  Lambert's 
Point  to  supply  water  for  the  Norfolk  and  Western  Railroad  ter- 
minal. It  attained  a  depth  of  616  feet,  and  at  606  feet  penetrated  a 
water-bearing  stratum  which  yielded  65  gallons  per  minute.  The 
water  was  quite  saline  and  the  well  is  regarded  as  a  failure.  The 
railroad  company  kindly  permitted  me  to  examine  some  of  the 
borings  which  are  as  follows: 
vol.  xxiv. — 25 
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Test.  Material. 

0-  17  Beach  sands.     Shell  fragments. 

17-  44  Bluish  clay.     Shell  fragments. 

44-183  Gray  micaceous  sand.     Fine.     Shell  fragments. 

183-191  Greenish-gray  sandy  clay. 

191-233  Gray,  micaceous  sands. 

233-264  Fine  sand  and  clay.     Greenish-gray.     Tough  when  dry. 

Shell  fragments.     Pectes,  Venus,  Pectans. 

264-286  Gray  clay. 

286-355  Fine  gray  sand.     Shell  fragments. 

355-377  Gray  clay. 

377-397  Fine  gray  sand.     Shell  fragments. 

397-407  Dark-gray  clay. 

407-526  Gray  sand,  moderately  coarse.     Some  glauconite. 

526-534  Small  gravel.     Shell  fragments. 

534-540  Rock.     (No  sample.) 

540-563  Gray  clay. 

563-564  Bock  stratum.     Shell  fragments. 

564-568  Gray  clay. 

568-603  Rocky  strata  with  thin  layers  of  clay,  and  shell  fragments. 

603-606  Small  gravel  in  gray  sand.     Shell  fragments. 

606-610  Rocky  stratum  of  564-568. 

610-616  Gray    sand,    moderately   coarse.      Micaceous.       Oyster 
shells  (?). 

From  44  feet  down,  the  well  is  in  the  Chesapeake  formation. 

Newport  News. — I  learn  that  a  well  was  bored  at  Newport  News 
to  the  depth  of  about  600  feet  but  without  reaching  water.  I  was 
unable  to  secure  the  well-record;  but  it  undoubtedly  did  not  pene- 
trate to  the  base  of  the  Chesapeake  formation. 

In  the  region  northwest  of  Fort  Monroe  there  are  several  artesian 
wells  which  are  yielding  large  supplies  of  first-class  water.  They 
are  at  AVilliamsburg,  Hog  Island,  West  Point,  Gabel's  and  near 
Tarpley's  Point.  I  have  obtained  information  as  to  their  depths  in 
part  from  Mr.  Lewis  Wool  man,  but  have  not  seen  any  of  the 
borings. 

Williamsburg. — This  well  is  500  feet  deep  and  its  bottom  is  un- 
doubtedly in  the  Pamunkey,  possibly  at  its  base.  Its  mouth  is  65 
feet  above  tide-level. 

Hog  Island. — This  island  is  in  James  river,  about  6  miles  south- 
east of  Williamsburg.  The  well  has  a  depth  of  330  feet  and  the 
water-bearing  stratum  is  probably  at  the  base  of  the  Chesapeake  for- 
mation. The  water  in  the  well  occurs  at  a  slightly  higher  horizon 
than  that  in  the  Williamsburg  well,  unless,  possibly,  the  water  in 
the  Williamsburg  well  is  not  from  the  bottom  of  the  boring. 

West  Point. — There  are  several  wells  here,  averaging  140  feet  in 
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depth,  which  yield  a  large  supply  of  water  under  considerable  pres- 
sure. This  water  probably  comes  from  the  base  of  the  Chesapeake 
formation  or  possibly  a  short  distance  above. 

GabeVs. — This  well  is  on  York  river,  18  miles  below  West  Point 
or  nearly  opposite  Williamsburg.  Its  depth  is  226  feet  and  the 
water-horizon  is  probably  the  same  as  at  West  Point. 

Tarpley's  Point. — This  is  on  the  Rappahannock  river  about  25 
miles  above  its  mouth.  The  well  is  285  feet  deep  and  its  bottom  is 
probably  at  the  base  of  the  Chesapeake  formation. 

Lancaster  Court  House. — This  well  is  on  the  peninsula  between 
the  Potomac  and  Rappahannock  rivers,  about  8  miles  from  the  bay- 
shore.  The  well  was  sunk  to  300  feet  and  then,  I  believe,  aban- 
doned. Its  mouth  was  about  60  feet  above  tide-water.  The  record 
is  as  follows : 

0-  30         Bright  orange  sand,  moderately  coarse. —  (Lafayette). 
30-  75        Gray  sands,  moderately  coarse,  with  shell-fragments.  "\ 

75-115         White  and  yellow  sand  intermixed,  moderately  fine. 
115-160         Gray  sand,  moderately  coarse,  some  gianconite  grains,  few  shells 

and  thin  ferruginous  crusts.  ?T 

1G0-180         Greenish-gray  fine  sands,  mud  with  some  mica  and  many  shell     [  •% 

fragments.     Some  glauconite.  g, 

180-250        Clay.     Light  brownish-gray  in  color,  few  sandy  streaks.      Shell     !    ^ 

fragments. 
250-300        Clay.     Light  greenish-gray  in  color. 

Crisfield,  Maryland. — This  locality  is  on  the  "eastern  shore  "  in 
Somerset  county.  One  well  has  been  sunk  to  1006  feet  which  yields 
a  fair  supply  of  excellent  water  and  another  boring  is  now  in  pro- 
gress. The  water  occurs  in  beds  of  loose  sand  in  the  Severn  forma- 
tion. Through  the  kindness  of  Mr.  J.  H.  Buxton,  President  of  the 
Crisfield  Water  Company,  I  have  been  supplied  with  samples  of 
the  borings  at  frequent  intervals  of  the  well  now  in  progress.  The 
principal  features  in  the  record  are  as  follows: 

Depth  in 

feet.  Material. 

0-     IS  Sands  and  loams  with  gravels  at  base. 

13-  100  Buff  and  gray  sandy  clays  with  shell  fragments. 

100-  110  Dark  gray  sandy  clay.     Few  shell  fragments  and  small 

pebbles. 

120*  Gray  clay. 

130  Gray  clay.     Many  shells. 

135  Clay.     Light  greenish-gray. 

140  Clay.     Shells  and  siliceous  concretions. 

147  Sand.    Very  fine  grained.    Greenish-gray.    Glauconitic. 
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Depth  in 
feet.  Material. 

150  Tough  clay.     Light  greenish  gray. 

160  Sandy  clay.    Greenish-gray. 

170  Clay.     Lead-gray. 

177  Glauconitic  sands.    Loose.    Greenish.    Shell  fragments. 

185  Glauconitic  sands.     Loose.     Greenish.      Fragments  of 
Perna. 

190  Glauconitic  sands.     Moderately  coarse.     Shells. 

230  Shells  in  sand. 

235  Sand.     Dark  greenish-gray.     Shell  fragments. 

240  Argillaceous  sand.     CI  ray. 

240-  26S  Clay.    Greenish-gray  with  siliceous  concretions  and  lig- 
nite fragments. 

268-  270  Siliceous  concretion. 

280  Clay.     Dark-gray. 

>■">  Clay.     Tough.     Greenish-gray.     Shells. 

290  Clay.     Light-greenish  with  sjliceous  concretions. 

310  Clay.    Dark-olive.    Lignite,  ferruginous  crusts  and  shell 
fragments. 

340  Clay.     Light-greenish. 

345  Sand  with  shell  fragments. 

350  \  Argillaceous  sand.     Light-green  with  fragments  of  Pec- 

360  >  ten  Madisonius. 

370  Fine  sand.     Greenish-gray.     Fragments  of  Pecten  Jef- 
fersonius. 

380-  385  Clay.     Greenish-gray.     Sandy  below. 

390-  420  Sand.     Light  greenish-gray,  moderately  fine. 

420-  430  Clay.     Light  greenish-gray. 

460  Clay.     Very  sandy.     Light  greenish-gray.     Shell  frag- 
ments. 

405  Sand.     Very  fine.     Dark  greenish-gray.     Micaceous. 

466-  467  Sandy  clay.     Dark  greenish-gray. 

469  Clay.     Dark  greenish-gray.     Shell  fragments. 

473-  480  Clay.     Sandy.     Greenish-gray,  lighter  below. 

485  Clay.     Bright  greenish-gray. 

490  Sand.     Fine.     Greenish-gray. 

495-  510  Clay.     Light-greenish. 

515  Clay.     Very  light-greenish  tint.     Very  diatomaceous. 

520-  530  Similar  to  495-510. 

535  Clay.     Light-greenish.     Diatomaceous. 

545  Clay.     Dark-gray. 

555  Clay.     Greenish-gray.     Diatomaceous. 

565  Sand.    Argillaceous.   Shell  fragments.  Turritella  plebia. 

575  Sandy  clay.     Greenish-gray. 

585-  595  Clay.     Brownish-gray. 

600-  605  Clay.     Light-gray.     Diatomaceous.     Macoina. 

610  Sand.     Fine.     Greenish-gray.     Shell  fragments.    Glau- 
conite. 

620  Sand.     Fine.     Greenish-gray. 

630  Clay.     Sandy.     Shell  fragments. 
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Depth  in 
feet.  Material. 

640-  650         Clay.     Light-gray.     Diatomaceous. 

660  Clay.     Light  brownish-gray.    Diatomaceous.    Macoma. 

670  Clay.     Very  sandy.     Dark  greenish-gray. 

675-  690         Clay.     Light  greenish-gray.     Diatomaceous. 

700  Clay.     Gray.     Sandy. 

710  Clay.     Light-gray.     Diatomaceous. 

720  Sand.     Fine.    Greenish-gray.    Large  glauconite  grains. 

740  Diatomaceous  clay.     Dark  buff. 

750  Diatomaceous  clay.     Light-gray. 

760  Diatomaceous  clay.     Darker. 

770  Sand.     Fine.     Greenish-gray.     Some  glauconite. 

771-  775        Rock,  with  large  grains  of  glauconite. 

7S0-  850  Argillaceous  sand.  Dark  olive-green,  with  large  pro- 
portion of  glauconite.  Coarser-grained  at  820. 
Finer  at  S00.  Few  small  quartz  pebbles  and  a 
shell  fragment  (oyster)  at  810. 

855-  960  Clay.  Very  light  greenish-gray,  micaceous,  and  slightly 
coarser  near  base. 

961-  963  Dark,  argillaceous,  micaceous  sand,  containing  plant- 
remains. 

965  Sand.     Fine,  loose,  light  gray.     Some  mica. 

970  Black  clay,  with  pyrite  fragments. 

The  base  of  the  Chesapeake  formation  is  clearly  defined  at  770 
feet,  and  it  will  be  noticed  that  the  infusorial  beds  of  this  formation 
have  a  thickness  of  260  feet.  The  coarse,  highly  glauconitic  sands 
beginning  at  780  feet  are  typical  of  the  top  of  the  Pamunkey  forma- 
tion, and  the  siliceous  stratum  and  scattered  grains  of  glauconite 
characterize  the  base  of  the  Chesapeake  formation  in  surface  out- 
crops west  of  Chesapeake  Bay.  Mr.  W.  H.  Dall  has  examined 
the  shell-fragments,  and  says  that  the  species  from  60  to  230  feet 
belong  to  the  St.  Mary's  fauna  of  the  Chesapeake  formation.  The 
dark  beds  at  961  and  970  are  apparently  typical  Severn  deposits, 
and  the  water  in  the  first  well  came  from  sandy  streaks  in  this  for- 
mation. The  100  feet  of  clay  at  the  base  of  the  Pamunkey  formation 
is  a  noteworthy  feature,  not  exhibited  in  surface-outcrops  westward. 

Cambridge. — This  place  is  on  Choptank  river,  about  40  miles 
north-northwest  of  Crisfield.  There  are  four  wells  reaching  a  depth 
of  366  feet,  and  furnishing  a  large  supply  of  water  of  excellent 
quality.  The  water  occurs  in  sands  underlying  100  feet  of  the  dia- 
tomaceous clays  of  the  Chesapeake  formation,  and  probably  near  or 
at  its  base. 

Federalsburg. — This  place  is  20  miles  northeast  of  Cambridge,  in 
the  central-southern  portion  of  the  "  Eastern  Shore  "  of  Maryland 
and  only  a  few  feet  above  tide-level.     The  well  is  234  feet  deep,  and 
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the  water  rises  to  30  feet  above  tide-level.  From  an  outlet  at  15 
feet  above  tide,  it  flows  600  gallons  an  hour.  The  water-bearing 
stratum  is  a  loose  sand,  containing  glauconitic  grains,  and  overlain 
by  davs.  I  have  not  been  able  to  obtain  the  record.  The  horizon 
is  well  within  the  Chesapeake  formation,  but  it  cannot  be  definitely 
correlated  with  other  localities,  unless,  possibly,  Milibrd,  Dela- 
ware. 

Denton,  Md* — This  place  is  15  miles  north-northwest  of  Federals- 
burg  and  near  tide- level.  The  well  is  358  feet  deep  through  green 
clay  containing  shells.  The  water  is  of  excellent  quality  and  in  fair 
supply.  Judging  from  the  statement  of  the  driller,  the  well  is  in 
green  clay  all  the  way  down  to  water;  and  if  this  is  the  case,  the 
water-horizon  is  probably  at  the  base  of  the  Chesapeake  formation. 
This  would  indicate  an  inclination  of  the  beds  of  15  feet  per  mile 
in  this  region. 

Claiborne,  Md. — This  well  is  on  the  bay-shore,  on  the  western  side 
of  the  peninsula,  nearly  opposite  Annapolis.  The  depth  is  440  feet, 
and  the  water  is  good  and  in  considerable  quantity.  The  boring  is 
in  clay,  with  black  sand-grains  from  120  to  380  feet;  then  "coral- 
rock  "  for  40  feet,  with  plenty  of  strongly-alkaline  water  (1ft  grains 
to  the  gallon);  then  10  feet  of  sand  and  a  crust  of  sand-rock,  under 
which  the  water  occurs.  The  horizon  is  probably  the  Magothy  for- 
mation ;  for  the  boring  begins  in  the  basal  beds  of  the  Chesapeake 
formation,  and  the  combined  thickness  of  the  Pamunkey  and  Severn 
formations  is  about  400  feet.     I  have  not  seen  the  borings. 

Ocean  City. — This  is  a  resort  on  the  Atlantic  coast  of  Mary- 
land, a  few  miles  south  of  the  Delaware  line.  Its  well,  256  feet 
deep,  passes  through  green  clays  to  a  sand-streak  yielding  130  gal- 
lons per  minute  of  good  water.  This  sand-streak  is  well  up  in  the 
Chesapeake  formation,  and  probably  comes  to  the  surface  east  of  the 
other  wells  in  Maryland  and  Delaware. 

Easton,  Md. — There  are  six  4-inch  wells  at  Easton,  reaching  a 
depth  of  110  feet,  which  yield  a  moderate  supply  of  water.  The 
horizon  is  about  the  same  as  at  Federalsburg. 

Salisbury,  Md.,  has  an  artesian  well ;  but  I  have  no  data  regard- 
ing it. 

Clayton,  Del. — There  is  a  well  at  this  place  only  35  feet  deep, 


*  For  data  as  to  the  deptli,  nature  of  materials  penetrated  and  results  of  the 
Denton,  Ocean  City,  Federalsburg,  Cambridge  and  Claiborne  wells,  I  am  indebted 
to  Mr.  J.  II.  K.  Shannahan,  well-borer,  Easton,  Md. 
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which  yields  1800  gallons  per  hour,  according  to  Mr.  Wool  man. 
It  is  in  the  Chesapeake  formation. 

Milford,  Del. — Three  4-inch  wells  were  bored  at  this  place  in  1891, 
near  tide-water  level.  They  are  described  by  Mr.  Woolman  in  the 
New  Jersey  Report  for  1891,  pp.  227-229.  One  at  160  feet  furnishes 
4000  gallons  per  hour,  and  the  water  rises  8  feet  above  the  surface; 
another,  to  150  feet,  furnishes  the  same  amount,  with  slightly  greater 
pressure;  and  the  third,  at  34  feet,  furnishes  3000  gallons  per  hour. 
They  are  all  in  the  Chesapeake  formation,  far  above  its  base. 

There  are  a  number  of  wells  along  the  western  edge  of  the  coastal 
plain,  and  in  greater  part  they  yield  large  supplies  of  excellent 
water. 

Baltimore. — In  the  eastern  part  of  the  city,  and  eastward  to  Spar- 
row's Point,  there  are  several  borings  which  extend  to  the  lower 
part  or  base  of  the  Potomac  formation.  I  have  been  able  to  secure 
the  record  of  only  one  of  these,  which  is  at  the  packing  establish- 
ment of  C.  H.  Pearson  &  Co.,  on  Locust  Point.     It  is  as  follows: 

,,  .     .  ,  Thickness. 

Material.  „    . 

Feet. 

Shells, 8i 

Mud, 7  f  Recent. 

Mud,  with  shells  and  gravel, 7  ' 

Red  clay, 8 

White  clay, 15 

Sandy  white  clay, 15 

Sand-rock, 5 

White  impervious  clay, 15 

Water-bearing  white  sand,      ......  22 

102 

There  are  also  in  the  Baltimore  region  a  number  of  deep  wells  in 
the  crystalline  rocks,  and  several  of  these  yield  large  supplies  of  fine 
water.  This  source  of  supply  is  usually  a  very  uncertain  one,  but 
in  the  vicinity  of  Baltimore  it  proved  remarkably  satisfactory. 

Washington. — At  the  gas-works,  in  the  eastern  part  of  Washing- 
ton, there  is  a  well  through  290  feet  of  Potomac  clays  and  sands 
to  a  white  quartz  gravel,  which  is  probably  at  the  base  of  the 
formation.  There  is  another  well  at  the  brewery  in  the  eastern  part 
of  the  city,  and  there  are  several  in  sand-streaks  at  moderate  depths 
on  the  shore  at  St.  Elizabeth's  asylum. 

Barrow. — At  the  projected  town  of  Barrow,  on  the  west  side  of 
the  Potomac,  25  miles  below  Washington,  there  is  a  well  195  feet 
deep,  in  which  a  large  supply  of  water  was  found  at  143  feet.     Its 
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record,  kindly  furnished  by  R,.  P.  Hughes,  of  Washington,  is  as 
follows : 


Depth  in  feet, 

Material. 

0-  10 

Clay  and  sand. 

10-  20 

Gravel. 

20-  30 

Clay. 

30-  44 

Sandstone. 

44-  45 

Coarse  sandstone.     Water. 

45-  57 

Sandstone. 

57-  58 

Bluish  sandy  clay. 

58-  73 

Brown  clay. 

73-113 

Bluish  sandy  clay  and  fine  sand. 

113-143 

Sandstone,  large  supply  of  water 

143-147 

Yellow  clay. 

147-160 

Sand,  with  pebbles. 

160-165 

Yellow  clay. 

165-195 

Brown  clay. 

Bowie. — At  Bowie  Station,  18  miles  northeast  of  Washington,  a 
well  is  now  in  process  of  boring  for  the  Philadelphia,  Wilming- 
ton, and  Baltimore  Railroad  Company,  and  I  have  received  samples 
of  the  borings  through  the  courtesy  of  Mr.  E.  T.  Brooks,  Superin- 
dent.     They  are  as  follows : 

Depth  in  feet.  Material. 

114  Sand.     Light  brownish-gray.     Fine. 

120  Clay.     Buff  and  yellow,  mottled. 

135  Clay.     Buff,  with  white  streakings. 

140  Clay.     Light  buffish-gray. 

165  Sandy-clay.     Pink  and  buff  variegated,  and  ochre-yellow. 

202  Sand.     Fine,  loose,  buff-gray. 

215  Clay.  Bright  pink,  witli  white  streakings,  and  layer  of  brown 

sandstone. 

233  Sand.     Fine  gray,  with  few  buff  grains. 

265  Sand.     Pink-brown,  moderately  fine. 

280  Sand.     Light  gray-brown. 

300  Clay.     Rich  brown-pink  tint. 

314  Clay.     Light  pinkish-buff. 

333  Sand.     Coarse,  gray,  with  some  pink  and  yellow  grains. 

335-345  Sandstone.    Red-brown,  with  fragment  of  lignite. 

345-355  Sand.     Very  fine.    Light  reddish-brown. 

355-384  Sand.  Very  fine.  Buff,  containing  a  large  pebble  of  quartz. 

This  well  is  still  in  the  Potomac  formation,  and  probably  about 
150  to  200  feet  from  its  base,  where  it  is  expected  that  abundant 
water  will  be  found. 

Philadelphia. — In  the  eastern  part  of  the  city,  and  at  various  points 
along  and  near  the  Delaware,  and  to  the  east  and  northeast  through 
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New  Jersey,  there  are  wells  in  the  Potomac  formation  (Raritan 
clay)  mainly  to  its  base,  which  yield  water  in  large  amount,  and,  in 
greater  part,  of  unexceptionable  quality.  At  Philadelphia,  the  wells 
average  from  125  to  140  feet ;  farther  east,  the  depths  increase,  with 
the  east  dfp  of  the  floor  of  the  crystalline  rocks,  to  360  feet  below 
tide  at  Sewell,  and  600  feet  at  Mount  Holly,  N.  J. 

Wells  in  Southeastern  New  Jersey. — It  is  not  my  purpose  to  repro- 
duce the  records  of  the  many  wells  in  New  Jersey,  and  I  have  no 
new  data  to  offer.  The  New  Jersey  Geological  Reports  contain  many 
records,  and  for  the  past  few  years  Mr.  Woolman  has  contributed 
records  and  discussions  of  the  water-horizons.*  I  wish  only  to 
point  out  briefly  the  bearing  of  the  New  Jersey  evidence  on  the 
prospects  for  the  region  southward. 

The  principal  water-horizons  in  southern  New  Jersey,  as  shown 
in  the  upper  section  of  Plate  II.,  are  constant  over  wide  areas. 
It  is  well  known,  that  the  same  geological  formations  extend 
southward  through  Delaware,  Maryland,  and  Virginia;  but,  there 
are  gradual  changes  in  the  stratigraphy,  so  that,  as  before  explained, 
the  Virginia  section  does  not  closely  resemble  that  of  New  Jersey. 

The  principal  horizons  in  southern  New  Jersey  are  in  the  sand 
series,  interbedded  in  the  clays  of  the  Chesapeake  formation,  and 
they  are  abundant  water-producers.  Their  extension  southward  is 
clearly  indicated  in  several  wells  of  Delaware  and  eastern  Maryland, 
above  described.  There  are,  also,  wells  in  the  sands  of  the  marl 
series,  but  they  are  not  so  noteworthy  as  the  others,  and  are  in  beds 
which  do  not  extend  far  southward. 

General  Review  and  Conclusions. 

The  success  of  a  number  of  wells,  scattered  widely  over  the  mid- 
dle Atlantic  coastal  plain  region,  indicates  in  itself  the  strong  prob- 
ability of  the  existence  of  subterranean  waters  throughout  the  re- 
gion. It  has  been  shown  that  the  geological  relations  are  favorable 
to  the  wide  circulation  of  waters  at  several  horizons,  and  the  vertical 
positions  and  general  areal  distribution  of  these  are  approximately  in- 
dicated. To  the  northward,  there  are  four  prolific  water-bearing  sand- 
layers,  interbedded  in  the  great  clay  series  of  the  Chesapeake  forma- 
tion, which  furnishes  water  through  the  principal  wells  in  southern 
New  Jersey,  Delaware,  and  a  portion  of  Maryland.    They  have  been 

*  Geol.  Survey  of  New  Jersey,  Report  for  1889,  pp.  89-99.  Report  for  1890,  pp.  269 
-276.     Report  for  1891,  pp.  223-232.     Report  for  1892,  pp.  273-311. 
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quite  definitely  correlated  in  the  many  wells  in  southern  New  Jersey, 
and  their  dip  has  been  found  to  be  about  26  feet  per  mile  to  the 
southeast.  Their  continuation  southward  may  be  relied  on  through- 
out central  and  southern  Delaware,  and  to  at  least  some  distance 
south  of  Ocean  City  in  Maryland.  The  area  is  approximately  indi- 
cated by  the  horizontal  broken-line  shading  on  Plate  I.  The  sands 
do  not  contain  the  same  amount  of  water  throughout,  but,  if  one 
horizon  is  not  satisfactory,  the  distance  to  the  next  is  not  great.  The 
indications  are,  that  to  the  southward  the  lower  horizons  contain 
less  water;  but  this  is  suggestion  and  not  established  fact.  The  depth 
at  which  the  water  should  be  expected  at  these  horizons,  within  the 
area  indicated,  increases  gradually  to  the  southeast  down  the  dip, 
so  that,  along  the  ocean  shore  from  Atlantic  City  southward,  the 
deepest  horizon  is  at  a  depth  averaging  about  1000  feet,  and  it  reaches 
the  surface  about  25  miles  to  the  northwest.  The  other  horizons 
are  at  intervals  above,  as  shown  in  Plate  II.  To  the  south  and 
southwest,  in  southern  Maryland  and  all  of  eastern  Virginia,  there 
appear  to  be  no  water-bearing  horizons  in  the  Chesapeake  formation, 
and  the  successful  wells  are  thought  to  extend  to  the  bottom  of  the 
formation,  or  very  near  to  it.  The  well  at  Lambert's  Point  reached 
water  within  the  formation,  but  it  was  too  saline  to  be  of  use.  Prob- 
ably, it  was  the  same  saline  horizon  penetrated  at  599  feet  in  the 
Fort  Monroe  well.  The  success  of  the  wells  at  Cambridge,  West 
Point,  Gabel's,  Hog  Island,  Tarpley's  Point,  and  Denton,  indicates 
a  wide  extension  of  water-bearing  beds  on  the  surface  of  the  Pa- 
in un key  formation  ;  but  at  Crisfield,  Claiborne,  and  probably  Fort 
Monroe  and  Williamsburg,  these  beds  yielded  no  notable  amount 
of  water.  This  would  indicate  that  the  water  at  this  horizon  does 
not  extend  far  east  of  a  line  connecting  Hog  Island  and  Cambridge, 
and  water  may  be  absent  in  local  areas  within  this  district.  The 
depth  of  the  horizon,  along  the  line  mentioned,  averages  about  350 
feet,  and  it  gradually  decreases  up  the  westward  dip.  I  believe  the 
horizon  may  be  relied  on  for  water,  at  moderate  depths,  in  eastern 
Virginia  over  the  area  shown  by  dottings  on  Plate  I. 

There  is  probably  water  at  the  base  of  the  Chesapeake  formation 
throughout  southern  New  Jersey;  but  I  do  not  know  of  any  well 
which  penetrates  to  it.  Within  the  Pamunkey  formation  there  are 
probably  no  water-bearing  beds  except,  possibly,  in  a  restricted  area 
about  Williamsburg.  As  the  Pamunkey  formation  is  mainly  sand  in 
the  surface-outcrops,  it  was  expected  that  extensive  sheets  of  water- 
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bearing  beds  would  be  found  throughout  its  area  ;  but  this  has  not 
proved  to  be  the  case. 

In  the  Severn  formation  in  Maryland  there  is  probably  no  water 
that  can  be  depended  on;  but  the  experience  of  the  final  well  at 
Crisfield  indicates  that  it  may  sometimes  occur.  In  the  coarse,  loose 
sands  of  the  Magothy  formation  water  may  be  expected,  throughout 
the  area  of  the  "eastern  shore"  of  Maryland,  lying  between  Chesa- 
peake Bay  and  the  Delaware  line.  They  probably  yield  the  water 
at  Claiborne,  and  will  be  found  to  be  satisfactory  water- producers 
at  Crisfield. 

In  the  Potomac  formation  there  are  undoubtedly  many  water- 
horizons,  and  there  is  almost  a  certainty  that  the  basal  beds  lying  on 
the  east  sloping  crystalline  floor  are  water-bearing  over  a  wide  area. 
In  eastern  Virginia  I  should  expect  water  throughout  the  coarser 
sandy  members  which  occur  at  various  horizons  in  the  formation. 
Northward,  the  clays  predominate  to  such  an  extent  that  there  is 
less  chance  for  water  above,  but  in  the  coarse  sands  and  gravels  of 
the  basal  beds  there  is  an  abundant  supply.  These  basal  beds  are 
bare  over  a  wide  extent  in  northern  Virginia  and  Maryland  and  take 
in  a  very  great  amount  of  water  which  is  generally  retained  by  the 
clays  above,  and  the  crystalline  rocks  below.  The  wells  sunk  to  this 
horizon  at  Baltimore  and  Philadelphia  have  been  very  successful  ; 
and  there  is  every  probability  that,  the  waters  extend  far  to  the  east- 
ward down  the  slope  of  the  crystalline  floor.  It  is  to  be  expected 
that  finally  the  basal  materials  may  become  too  fine-grained  to  be 
water-bearing,  as  explained  on  page  378  ;  but  at  present  we  have  no 
knowledge  as  to  where  this  takes  place.  The  depth  of  the  crystalline 
floor  to  the  eastward  is  not  definitely  known,  but  as  shown  in  the 
four  sections  in  Plate  II.,  it  is  thought  to  be  not  much  over  1500 
feet  along  the  ocean-shore  in  Virginia,  and  somewhat  deeper  to  the 
northward.  The  prospects  for  water  in  underlying  crystalline  rocks 
are  very  slight,  and  I  should  never  advise  sinking  into  them  out  on 
the  coastal  plain. 

Prospects  in  the  Several  Districts. — In  the  vicinity  of  Norfolk,  Fort 
Monroe,  Cape  Charles  and  Newport  News,  water  will  probably  be 
found  on  the  crystalline  floor  at  about  1500  feet  below  the  surface. 
There  is  also  some  possibility  for  water  in  the  Pamunkey  formation  ; 
but  the  North  End  Point  and  Fort  Monroe  wells  indicate  that  this 
is  improbable.  It  may  be  that  the  materials  of  the  water-horizon 
westward  and  northward,  are  all  too  fine-grained  or  too  much  clogged 
with  fine  silts  and  clays  to  carry  water  in  this  district ;  but  I  believe 
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the  chance  is  worth  taking.  The  failure  of  Fort  Monroe  and  North 
End  Point  wells  is  of  course  somewhat  discouraging;  but,  as  I  have 
shown  above,  their  evidence  is  not  conclusive. 

In  the  peninsula  region  of  eastern  Virginia  and  Maryland,  west 
of  Chesapeake  Bay,  water  may  be  expected  with  a  fair  degree  of  cer- 
tainty at  the  base  of  the  Chesapeake  beds,  over  the  area  shown  by 
dottings  on  Plate  I.  The  depths  will  vary  from  100  feet,  west  of 
the  longitude  of  West  Point,  to  about  300  to  400  feet  towards  Chesa- 
peake bay.  This  is  the  horizon  of  successful  wells  at  West  Point, 
Hog  Island,  Gabel's  and  Tarpley's  point  and  will  eventually  prove 
to  be  an  important  water  horizon.  There  is  another  chance  in  this 
region,  from  100  to  150  feet  below  this  horizon,  down  in  the 
Pamunkey  formation,  as  indicated  by  the  success  of  the  well  to  440 
feet  below  tide  at  Williamsburg.  Below  this,  water  may  be  expec- 
ted again  in  the  Potomac  sands,  particularly  on  the  crystalline  floor; 
but  this  is  probably  several  hundred  feet  below  the  Pamunkey 
formation. 

Along  the  western  edge  of  the  coastal  plain,  from  Petersburg  to 
Staten  Island,  water  may  be  obtained  from  the  basal  members  of 
the  Potomac  formation  at  moderate  depths,  as  indicated  by  the  suc- 
cessful wells  of  Baltimore,  Philadelphia,  etc. 

On  the  "eastern  shore"  of  Maryland  there  are  many  favorable 
prospects.  From  Federalsburg  to  Salisbury  and  Ocean  City  there 
are  water-bearing  sands  in  the  Chesapeake  formation  at  from  200  to 
300  feet  below  the  surface,  and  possibly  others  at  greater  depths. 
About  Easton  they  are  at  100  feet.  There  are  waters  on  or  near 
the  surface  of  the  Pamunkey  sands  in  the  area  indicated  by  dottings 
on  Plate  I.,  which  are  reached  by  the  Cambridge  well  at  360  feet 
and  the  Denton  well  (probably)  at  350  feet.  The  next  water-horizon 
is  about  400  feet  below  the  top  of  the  Pamunkey,  in  the  coarse  sands 
of  the  Magothy  formation.  This  water  may  be  expected  over  the 
entire  region  south  of  Chester  river,  as  confirmed  by  its  probable 
occurrence  at  Claiborne  at  440  feet. 

In  the  northern  portion  of  the  peninsula  there  is  almost  a  cer- 
tainty, and  to  the  southward  a  probability  of  finding  water  in  the 
Potomac  gravels  and  sands  on  the  surface  of  the  crystalline  rocks. 

In  Delaware  the  conditions  are  similar  to  those  in  New  Jersey, 
and  the  several  water-horizons  in  the  Chesapeake  formation  extend 
across  the  State.  The  lowest  is  at  the  surface  a  couple  of  miles  north 
of  Clayton  and  extends  down  the  dip  approximately  southeastward 
to  1000  feet  at  the  southeastern  corner  of  the  State.     In  the  central 
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and  southern  sections,  there  is  probably  water  also  at  the  base  of  the 
Chesapeake  formation  and  in  the  Pamunkey  formation.  In  the 
northern  section  of  Delaware  the  waters  at  the  base  of  the  Potomac 
will  be  found  at  moderate  depth,  and  probably  they  extend  far  to 
the  southward.  At  the  southern  margin  of  the  State  it  is  estimated 
that  the  depth  of  the  basal  Potomac  beds  would  be  about  1600  feet. 


THE  STRUCTURE  OF  THE  RICHMOND  COAL-BASIN. 

BY  E.    J.    SCHMITZ,    NEW  YORK   CITY. 
(Bridgeport  Meeting,  October,  1894.) 

The  mining  of  the  Triassic  coals  of  the  Richmond  basin  has  been 
carried  on,  upon  a  larger  or  smaller  scale,  for  more  than  a  hundred 
years. 

Notwithstanding  the  close  proximity  of  the  field  to  a  large  city 
and  to  tide- water,  assuring  both  a  good  home-market  and  cheap 
transportation,  and  notwithstanding  the  good  quality  of  the  fuel 
and  the  great  thickness  of  the  principal  bed  developed  and  worked, 
operations  in  this  field  have  been  conducted  with  but  limited  success. 

The  basin  comprises  about  189  square  miles,  being  from  24  to  31 J 
miles  in  length  by  5J  to  10  miles  in  width.  Not  much  more  than 
one-tenth  of  this  area  has  been  explored  in  a  practical  and  efficient 
way,  and  not  over  1200  acres  have  been  worked  near  and  along  the 
outcrops  or  edges  of  the  coal. 

The  practical  mistakes  which  have  been  committed  undoubtedly 
in  a  number  of  the  mine-operations  of  the  past,  do  not  alone  explain 
the  unsatisfactory  success  and  progress  of  the  industry  of  this  field ; 
nor  can  it  be  ascribed  to  the  lack  of  local  enterprise.  Other  reasons 
have  to  be  looked  for ;  and,  as  a  principal  one,  the  irregularity  and 
the  faulted  conditions  of  the  coal  deposits  must  be  pointed  out.  As 
a  second  cause,  the  indifference  of  the  State  government,  which  leaves 
the  development  of  the  field  entirely  to  private  enterprise,  instead 
of  aiding  it  by  systematical  and  practical  geological  investigations, 
deserves  to  be  mentioned.  Nothing  has  been  done  by  the  State 
since  the  excellent  work  done  more  than  fifty  years  ago  by  Professor 
Rogers,  who  could  not  at  that  time  enter  into  the  details  of  such 
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geological  researches  as  the  field  requires.  The  paper  of  the  late 
Oswald  J.  Heinrich,  on  "The  Mesozoic  Formation  in  Virginia" 
(Trans.,  vi.,  227),  published  sixteen  years  ago,  based  upon  a  number 
of  practical  investigations  by  the  means  of  shafts  and  bore-holes, 
and  dealing  with  the  factors  most  vital  to  ultimate  commercial  suc- 
cess, is  the  best  private  monograph  known  to  me.  This  paper  gives 
the  first  complete  section  of  the  Triassic  measures  of  the  basin,  and 
discloses  also  the  faulty  conditions  of  the  field  by  a  section  across  the 
strike  at  the  Midlothian  mines,  from  the  outcrops  to  the  Sinking 
shaft  of  the  Midlothian  colliery.  Mr.  Heinrich  had  evidently  made 
detailed  studies  of  the  basin,  and  had  conducted  explorations  and 
mining  operations  at  the  Midlothian  mines  for  several  years.  My 
own  examination,  upon  which  the  present  paper  is  based,  occupied 
but  five  weeks,  and  extended  principally  over  the  southern  part  of 
the  field,  near  and  west  of  the  old  Clover  Hill  workings.  Since, 
however,  my  observations  and  conclusions  differ  in  some  respects 
from  those  at  which  Mr.  Heinrich  arrived,  I  lay  the  same  before 
the  Institute  with  the  intention  of  throwing  additional  light  on  the 
subject,  and  of  aiding  in  future  developments. 

The  cross-section  published  by  Heinrich  (reduced  and  repro- 
duced in  Fig.  1)  shows  the  measures  for  about  7^  miles  across  the 
strike  from  the  outcrop-line,  and  divides  them  into  five  distinct  parts 
formed  by  four  faults  or  vertical  dislocations  (upthrows).  In  the 
second  division  from  the  outcrops,  the  main  seam  is  developed  in 
great  thickness,  at  moderate  inclination  and  almost  regular  for  about 
2000  feet,  while  the  same  is  indicated  as  thinning  out  in  the  third, 
and  as  changing  into  a  carbonaceous  slate  stratum  in  the  fifth  divi- 
sion. His  vertical  geological  section  for  the  Midlothian  district 
reaches  down  to  the  granite  floor  (1500  feet),  and  locates  the  carbo- 
naceous group  about  550  to  600  feet  from  the  bottom  of  the  Triassic 
measures,  and  about  900  feet  from  the  surface  at  the  most  western 
point,  the  sinking-shaft. 

The  Clover  Hill  district,  like  the  Midlothian  district,  is  located 
along  the  eastern  edge  of  the  basin,  but  about  15  to  16  miles  further 
southwest. 

The  Stratigraphy  of  the  Clover  Hill  District. — Figs.  2  and  3  show 
approximately  the  outcrop-line  of  the  Azoic  base  (the  granite  line), 
the  outcrop-line  of  the  carbonaceous  group,  and  the  lines  of  the  so- 
called  "Garret  trouble,"  which  represents  a  regularly  developed 
fault  or  squeeze,  parallel  to  the  general  strike  of  the  whole  forma- 
tion, that  is,  about  N.N.E.  toS.S.W.,  or  parallel  to  the  general  trend 
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of  the  Appalachian  chain  in  this  latitude.  This  squeeze,  which  is 
indicated  at  the  surface  by  a  slight  elevation  of  the  ground,  has  been 
found  regular  for  the  entire  length  of  the  Clover  Hill  district,  say 
for  about  2|  to  3  miles,  and  is  reported  to  have  been  traced  from 
the  Clover  Hill  district  to  Midlothian.  It  appears  a  downthrow  of 
the  carbonaceous  group  and  the  Triassic  measures  in  general,  dif- 
ferent from  the  faults  illustrated  in  Mr.  Heinrich's  section  (Fig.  1), 
for  the  Midlothian  district  further  N.E. 

The  edge  of  the  basin  has  been  prospected  all  along  in  the  Clover 
Hill  district  for  4  miles  or  more  (and  at  intervals  also  to  Midlo- 
thian) ;  but  successful  operations  have  been  conducted  only  on  a  strip 
of  about  2J  to  3  miles  along  the  strike,  from  some  distance  north  of 
the  Cox  shafts  to  a  point  south  of  the  Raccoon  slopes,  and  from  the 
outcrop-line  to  some  distance  west  of  the  Garret  trouble,  within  about 
1500  feet,  or  a  little  more,  from  the  outcrop. 

A  flourishing  mining  industry  existed  in  this  district  before  (and, 
I  think,  to  some  extent  after)  the  late  war,  upon  the  coal  along  the 
outcrops  east  of  the  Garret  trouble,  and  to  some  distance  west  of  it. 
Thus,  it  is  reported  that  the  Cox  shafts,  which  were  sunk  several 
hundred  feet  west  of  the  trouble,  worked  the  ground  for  400  to  600 
feet  further  west,  and  also  at  the  Bright  Hope  and  other  shafts 
mining  was  done  west  of  the  squeeze.  At  present,  operations  are 
restricted  to  a  patch  of  forgotten  ground  of  the  outcrop,  mined  in 
the  locality  of  the  New  Slopes  No.  1,  No.  2  and  No.  3;  but  work  is 
now  in  progress  preparatory  to  the  clearing  of  the  Cox  shafts  and 
mining  west  of  the  Garret  trouble. 

There  exist  in  the  Clover  Hill  district  three  distinct  beds  of  coal, 
as  follows  : 

Feet. 

I.  Top  seam,  .        .  • 3  to    4.5 

Interval,     .         . 10  to  30 

II.  Main  seain, 7  to  20 

Interval, 40  to  50 

III.  Bottom  seam  (reported), 4  to    6 

The  coals  of  the  first  two  seams  are  hard  bituminous  coals  of 
square  cleavage  and  fracture,  nearing  the  "splint"  in  hardness,  and 
showing  coking-qualities. 

The  upper  seam  carries  the  cleaner  and  harder  coals,  while  the 
main  seam  sometimes  contains  considerable  pyrites,  and  the  third 
seam  is  reported  often  to  contain  pyrites  in  such  quantities  (especially 
in  its  lower  bench)  that  its  coals  are  rejected  by  the  trade. 
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The  main  seam  is  worked  in  the  New  Slopes  No.  1,  No.  2  and 
No.  3,  of  which  No.  1  has  been  driven  on  the  main  seam,  intersect- 
ing it  a  short  distance  from  the  mouth  of  the  slope,  and  following 
the  inclination  from  this  point.  The  top  seam  has  been  proved  in 
the  roof  from  No.  2  and  No.  3. 

In  Fig.  4,  the  main  seam  is  seen,  regular  to  within  a  short  dis- 
tance from  point  A.  The  seam  varies  in  thickness  from  7  to  16 
feet,  containing  from  6  to  13  feet  of  coal.  About  400  feet  from  the 
mouth  of  the  slope  we  have  the  following  section  : 


Roof,  Sandstone 

and  Slate. 
Coal, 
Slate,     . 
Coal,      . 
Slate, 
Coal,      . 
Black  slate, 
Coal,      . 
Black  slate, 
Coal,       . 
Bony  coal, 
Coal,      . 
Black  slate, 
Coal,       . 
Whitish  clay  slate 
Coal,       . 

Total  thickness, 


Feet, 
2 


3 
1 

1 
2 
1 

15 


Inches. 

10 

9 

4 
10 

4 

1 

1 

1 

3 

1 

1 
10 

1 
11 


with  1  slate  parting  ") 


i.  Total,  3  feet  11  inches, 
generally  left  in  roof. 
J 
1 


I   Total,  11  feet,  8  inches, 
j"  Coal,  10  feet,  10  inches. 


In  the  workings  of  the  Bright  Hope  shafts  and  the  Raccoon 
slopes,  which  I  could  not  examine,  the  main  seam  is  reported  to  me 
as  20  feet  2  inches  to  20  feet  4  inches  thick.  A  short  distance 
above  point  A,  Fig.  4,  commences  a  squeeze  of  the  main  seam  in 
the  manner  shown  in  Fig.  5.  The  thickness  of  the  seam  is  gradu- 
ally reduced  to  nothing,  so  that  the  hanging-wall  rests  directly  upon 
the  foot- wall  at  point  A. 

Point  A  marks  the  eastern  line  of  the  so-called  Garret  trouble, 
which,  as  appears  from  these  sketches,  is  not  a  fault  in  the  common 
acceptation  of  this  term.  From  A  westward  the  coal  is  mostly 
missing  to  the  western  line  of  the  Garret  trouble,  which  had  not  been 
reached  yet  in  Slope  No.  1,  at  the  time  of  my  examination  (See  Fig. 
6).  But  in  a  number  of  cases  we  find  the  hanging-wall  separating 
again  from  the  foot-wall,  and  the  intervening  space  of  a  few  feet  is 
then  generally  filled  by  a  pocket  of  coal. 
vol.  xxiv.— 26 
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The  last  25  to  30  feet  of  the  first  steep  incline  above  B  furnishes 
an  instance.  This  pocket  of  coal  is  cut  out  again  at  B  in  the  man- 
ner shown  in  Fig.  7.  A  second  pocket  of  coal  is  found  between  C 
and  D,  continuing  with  small  interruptions  for  about  70  feet. 


c,  Cox's  Shafts. 

d,  e,/(3,  2,  1),  New  Slopes 
i,  Bright  Hope  Shafts. 
h,  Beaver  Slope. 

j,  Raccoon  Slope. 

g,  Winterpack  Station. 


ia.  2. 


SKETCH-PLAN  OF  CLOVER  HILL  DISTRICT. 


At  E  we  have  a  third  pocket  of  coal  (see  Fig.  8),  which  has  partly 
been  changed  into  coke.  Also,  from  E  downward  to  the  face  of  the 
slope,  we  have  occasionally  thin  deposits  of  coal,  which  are  mostly 
converted  into  coke. 
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Fig.  9  shows  the  section  at  F,  that  is,  at  the  point  of  commence- 
ment of  the  last  steep  inclination. 

The  foot-wall  of  the  seam  is  generally  a  pretty  hard,  siliceous  and 
bituminous  rock  of  dark  to  black  color,  but  changes  its  character  in 
the  lower  portion  of  the  slope  to  a  rounded,  dark  gray,  pretty  fine- 
grained and  hard,  and  slightly  calcareous  concretion  or  band  of  small 
thickness.  The  hanging-wall  is  a  fine-grained,  lighter,  siliceous  and 
micaceous  sandstone.  The  mica  found  in  both  floor  and  roof  is 
mostly  in  fine  silvery  scales  (muscovite). 

Fig.  6  is  a  sketch  taken  about  95  feet  above  point  B,  Fig.  4. 

Fig.  10  represents  a  section  noticed  at  several  points  of  the  fault, 
where  the  dip  of  the  formation  changes;  and  Fig.  11  represents  a 
section  obtained  in  a  trial  shaft  on  Honey  Hill,  2  miles  N.E.  of 
Slope  No.  1. 

If  we  consider  the  form  and  details  of  the  sections  shown  in  Figs. 
5,  7,  8,  9  and  11,  it  becomes  at  once  evident,  that  the  deposition  of 
the  coal  in  pocket-form  or  as  an  interrupted  seam  cannot  have  been 
due  to  secondary  disturbances,  but  that  the  coal  must  have  been  de- 
posited originally  upon  an  uneven  floor,  which,  as  most  of  these 
sections  indicate,  was  subjected  to  an  upward  movement  during  the 
deposition  of  the  coal-beds.  This  upward  movement  seems  to  have 
been  limited  to,  or  to  have  been  more  pronounced  at,  certain  zones, 
namely,  those  of  the  present  squeezes  or  troubles,  as  the  coal  is  regu- 
lar to  the  east  of  the  Garret  squeeze.  And,  as  this  squeeze  or 
trouble  has  a  strike  regular  and  common  with  the  strike  of  the 
Appalachian  chain,  we  are  justified  in  supposing  that  this  and  simi- 
lar fault-zones  or  ridges  have  been  caused  by  the  forces  which  raised 
the  whole  Appalachian  chain,  and  represent  smaller  folding  ridges 
or  anticlinals  of  that  chain. 

Moreover,  as  the  forming  of  the  Appalachian  chain  was  not  due 
to  a  sudden  movement,  but  must  have  occupied  a  considerable  geo- 
logical time-interval  after  the  Permo-Carboniferous  age,  we  may  with 
great  probability  assume  that  the  Triassic  measures  of  the  Richmond 
field  were  deposited  upon  the  uneven  floor  of  the  Azoic  rocks  during 
the  later  period  of  the  construction  of  the  Appalachian  chain,  and 
that  this  uneven  floor  was  under  the  influence,  and  took  some  part 
in  the  movements,  of  that  chain. 

The  irregular,  or,  rather,  non-persistent  forms  of  the  Richmond 
coal-deposits  must  have  been  original,  not  only  on  account  of  the 
proofs  already  mentioned,  but  also  for  the  reason  that  a  later  inter- 
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ruption  or  destruction  of  parts  of  the  coal-seams,  as,  for  instance, 
by  plutonic  action,  is  excluded.  Such  action — apart  from  disloca- 
tions or  disturbances — would  have  either  entirely  consumed  parts 
of  the  beds  or  converted  the  coal  into  coke.  So  far  as  disturb- 
ances come  into  consideration,  I  must  call  attention  to  the  fact 
that  the  Garret  trouble  is  too  regular  and  continuous  to  have  been 
caused  by  plutonic  agencies.  Nor  could  such  a  process  have  con- 
sumed the  entire  section  of  the  seam  without  also  destroying  the 
walls,  or  without  leaving  other  signs  of  its  action,  such  as  residue 
or  ashes. 

The  conversion  into  coke,  which  is  shown  in  several  localities  of 
the  Garret  trouble,  and  frequently  in  other  localities  in  the  field, 
must  be  due,  however,  to  igneous  action,  the  signs  of  which  are  also 
noticed  in  other  forms,  such  as  vertical  upthrows  of  the  measures  and 
dike-openings,  etc.  But  such  action  can  have  only  been  local,  and 
must  have  taken  place  after  the  entire  deposition  of  the  coal-beds 
and  the  Triassic  measures,  and  when  the  field  or  basin,  as  a  whole, 
was  already  in  its  present  stratigraphical  form. 

We  may  conclude  with  great  probability  that  the  formation  of  the 
Richmond  basin  and  its  coals  took  place  in  an  estuary,  inland  lake 
or  swamp,  which  was  directly  or  indirectly  connected  with  the  ocean, 
and  the  floor  of  which  was  alternately  partially  raised  above  ocean- 
level  for  considerable  periods  during  the  deposition  of  the  carbona- 
ceous strata,  and  entirely  submerged  again  by  the  movements  of  the 
Appalachian  system. 

This  view  is  confirmed  by  the  observations  reported  to  me  concern- 
ing the  relations  of  the  three  principal  coal-beds  in  the  Garret  squeeze 
of  the  old  Clover  Hill  workings,  namely,  that  the  bottom  seam  was 
much  more  regular  than  the  main  seam,  but  was  never  cut  out 
entirely ;  that  it  was  smallest  in  the  downthrows  of  the  squeeze 
where  the  coal  is  mostly  cut  out  in  the  main  seam ;  and  that  the  top 
seam  followed  the  irregularities  of  the  main  seam,  and  was  cut  out 
iu  the  downthrows  with  the  main  seam. 

It  has  also  been  observed  in  the  old  workings  that  the  bottom 
seam  has  been  reduced  to  nothing  in  several  localities  outside  of 
the  Garret  trouble,  where  the  main  seam  was  found  to  continue 
regular. 

Of  the  two  sections  not  yet  mentioned,  Fig.  6  seems  to  indicate  a 
partial  subsequent  filling  (Tertiary  ?)  of  the  narrow  space  between 
the  walls  of  the  bed,  while  Fig.  10  indicates  a  regular  deposition  of 
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the  different  strata,  one  after  the  other,  but  under  changing  condi- 
tions. 

Across  the  Basin  from  the  Clover  Hill  District. — It  is  about  5  to 
5J  miles  from  the  eastern  edge  of  the  basin  at  the  Clover  Hill  dis- 
trict to  the  western  outcrop.  The  country  is  low,  slightly  rolling, 
and  varies  about  50  feet  in  elevation.  The  surface  is  almost  entirely 
covered  with  drift  and  Tertiary  deposits.  Some  flat-lying  deposits 
of  clay  and  soft  sandstones,  which  can  be  observed,  must  be  classified 
as  later  deposits,  most  likely  Tertiary.  The  dip  of  the  Triassic 
measures  is  mostly  concealed  by  these  layers. 

The  Azoic  rocks  of  the  western  edge  of  the  field  and  the  lower 


Lower  Measures 

IMAGINARY   SECTION    OF   COAL-FIELD   AS    DEPOSITED. 


Fig.  13 


**o7£ yWot 

IMAGINARY   SECTION    OF   COAL-FIELD   AFTER   SUBSEQUENT   ELEVATION    OF  AZOIC    FLOOR,. 

Sec' ions  Illustrating  Supposed  Formation  of  Richmond  Coal-Field,  Va. 


Triassic  rocks  are  well  exposed  in  high  inclined  position,  and  as 
continuous  low  ridges  near  the  Appomatox  river,  and  farther  N.W. 
from  the  river.  The  researches  for  coal  which  were  made  in  this 
locality  in  early  years  seem  not  to  have  been  successful,  as  only  very 
thin  and  small  pockets  have  been  opened  there. 

Turning  from  these  outcrops  eastward,  one  can  observe  the  Tri- 
assic measures  with  a  moderate  eastern  dip  for  about  f  mile,  and 
then  changing  to  a  slight  western  dip.  It  is  doubtful  whether  this 
western  dip  is  continuous  from  here  to  the  eastern  edge  of  the  field, 
or  is  only  the  result  of  a  local  anticlinal;  but  probably  the  latter  is 
the  case. 

Hypothesis  of  the  Construction  of  the  Richmond  Basin  and  Its 
Present  Form. — As  already  observed,  much  speaks  for  the  deposi- 
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tion  of  the  Triassic  rocks  and  their  coal-beds  during  the  period  of 
construction  of  the  Appalachian  chain,  while  the  Azoic  floor  was 
affected  by  the  upward  and  folding  movements  of  this  chain.  Such 
movements  would  involve,  of  course,  an  irregular  and  pocket-like 
growth  and  deposition  of  the  coal  flora,  varying  for  different  seams, 
as  well  as  for  the  area  of  each  seam.  I  have  tried  to  illustrate  this 
deposition  in  Fig.  12. 

Fig.  13  is  intended  as  an  ideal  section  of  the  field  at  the  end  of 
the  above-mentioned  period  with  the  edges  of  the  Azoic  floor  highly 
inclined.  It  is,  of  course,  not  to  be  inferred  that  the  basin  has  such 
a  regular  and  undisturbed  form  as  is  shown  in  this  figure,  with  coal- 
bearing  zones  interchanging  regularly  with  barren  ones.  The  real 
section  of  the  basin  at  the  south  end  will  most  probably  contain  also 
vertical  dislocations  or  faults,  such  as  Mr.  Heinrich's  section  indi- 
cates for  the  Midlothian  district,  and  also  faults  and  squeezes  at  right 
angles  to  the  strike,  and  otherwise. 

The  secondary  disturbances,  caused  by  plutonic  action  and  repre- 
sented by  dike-openings  and  dikes  and  the  coking  of  the  coal  in  the 
vicinity  of  such  dikes,  or  in  localities  subjected  to  such  influence, 
must  have  taken  place  mainly  near  or  after  the  end  of  the  Tertiary 
period,  since  Tertiary  deposits  have  been  removed  from  the  surface 
at  these  dike-openings. 

The  Practical  Value  of  the  Field  as  a  Coal- Producer. — The  prac- 
tical value  of  the  field  as  a  coal-producer  depends,  of  course,  prin- 
cipally upon  the  coal-areas  which  can  be  opened  and  made  accessible 
to  the  shafts  and  slopes  of  each  of  the  several  mines  ;  and  it  seems 
to  me  that  the  chances  are  better  nearer  to  the  center  than  to  the 
edges  of  the  field.  It  is  to  be  regretted  that  no  systematical  boring- 
operations  have  ever  been  made  across  the  field  to  the  center  of  the 
basin. 

It  is  hardly  necessary  to  add  that  my  investigations  and  deduc- 
tions bear  also  against  Mr.  Heinrich's  theory  of  a  continuous  con- 
nection for  all  Mesozoic  deposits  along  the  Atlantic  coast. 
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CLOSE  SIZING   BEFOBE  JIGGING. 

BY  ROBERT  H.   RICHARDS,   BOSTON,   MASS. 

(Virginia  Beach  Meeting,  February,  1894.) 

The  extent  to  which  sizing  by  sieves  should  be  carried,  as  a  pre- 
liminary to  the  separation,  by  jigging,  of  minerals  of  different  specific 
gravities,  has  been  a  matter  of  controversy  for  many  years.  The 
subject  has  been  investigated  by  several  authorities,  yet  the  ground 
does  not  seem  to  have  been  completely  covered,  nor  are  the  questions 
involved  entirely  settled.  For  my  present  purpose  I  shall  refer  to 
but  three  investigators — Rittinger,  Munroe,  and  Hoppe. 

In  seeking  additional  light,  I  have  gone  over  part  of  the  old 
ground  which  has  been  considered  satisfactorily  settled ;  and  since 
these  preliminary  tests  have  thrown  light  on  some  points,  they  have 
been  included  in  this  paper. 

In  the  investigations  here  described,  I  have  confined  myself,  for 
several  reasons,  wholly  to  small  sizes — grains  of  0.1  inch  in  diam- 
eter and  less.  Rittinger's  work  was  mainly  done  upon  larger  sizes, 
and  there  is  much  need  among  millmen  of  information  concerning 
the  smaller  sizes.  Moreover,  these  sizes  brought  the  investigation 
within  the  means  at  my  disposal. 

The  laws  that  have  been  claimed  as  the  laws  of  jigging  by  the 
several  authorities  are : 

1.  The  law  of  equal-settling  particles. 

2.  The  law  of  interstitial  currents. 

3.  The  law  of  acceleration. 

4.  The  law  of  suction. 

The  first  of  these  has  been  considered  by  investigators,  generally, 
to  be  the  most  important  of  all,  and  the  larger  part  of  the  work  of 
jigging  is  thought  to  be  governed  by  it.  But  that  it  does  not  cover 
the  whole  of  jigging  is  clear  to  all ;  and  to  account  for  the  increased 
efficiency  which  we  may  call  the  extra  jigging-catch,  the  other  three 
laws  have  been  advanced. 

The  investigation  described  in  this  paper  was  undertaken  to  de- 
termine, as  far  as  possible,  to  what  extent  each  of  the  four  laws  con- 
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tributes  towards  the  results  of  jigging.    The  discussion  will  be  taken 
up  in  the  order  indicated  above. 

I. — Equal-Settling  Particles. 

If  we  drop  into  a  deep  vessel  filled  with  water  an  unsized  product 
containing  particles,  say,  of  galena  and  quartz,  which  have  been 
thoroughly  wetted,  and  all  of  which  will  pass  through  a  limiting- 
sieve  of  10  meshes  to  the  linear  inch,  w7e  shall  find  that,  after  the 
short  interval  of  acceleration,  each  particle  will  fall  at  its  maximum 
velocity  towards  the  bottom.  These  velocities,  if  the  particles  do 
not  interfere  with  each  other,  and  if  they  are  all  cubes  or  spheres, 
will  depend  upon  two  things,  namely,  the  specific  gravity,  and  the 
size  of  the  grains.  Of  two  particles  of  equal  size,  but  different  spe- 
cific gravity,  the  heavier  will  fall  the  faster.  Of  two  particles  of 
like  specific  gravity,  but  different  diameter,  the  larger  will  fall  the 
faster.  Evidently,  therefore,  any  larger  particle  of  the  quartz  will 
have  the  same  velocity  as  a  certain  smaller-sized  grain  of  galena. 
These  two  grains  are  said  to  be  equal-settling  particles. 

Rittinger  gives,  in  his  treatise,  four  formulas  to  represent  the 
relation  between  diameter  of  grains  and  rate  of  falling  in  water  for 
irregular-shaped  grains : 


V  =  2.73  i/D{8 —  1),  for  roundish  grains. 
T7  =  2.44  -j/X>  (8 —  1 ),  for  average  grains. 
F=2.37  i/D{8—  1),  for  long  grains. 
V=  1.92  -|/X>(cJ  —  1),  for  flat  grains. 

In  which  Vis  the  velocity  in  meters  per  second;  D,  the  diameter 
of  particles  in  meters,  and  8  the  specific  gravity  of  the  minerals. 

From  the  formula  for  the  average,  he  computes  the  ratio  of  the 
diameters  of  quartz  and  galena  particles  that  will  be  equal-settling 
in  water.  Taking  the  specific  gravities,  as  determined  by  me,  viz., 
for  quartz,  2.640,  and  for  galena,  7.586,  and  using  his  formula  for 
the  average  grain,  we  should  have, 

For  quartz,  F2  =  5.9536  Dx  X  1.64, 
For  galena,  V2  =  5.9536  D2  X  6.586. 

For  equal-settling  particles,  we  equate  the  two  values  of  F2,  and 
deduce : 

Z>        6.586 
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That  is  to  say,  the  particle  of  quartz  will  have  a  diameter  four 
times  as  large  as  the  galena. 

The  minerals  employed  in  the  investigation  described  in  this  paper 
are  given  in  Table  I.,  with  their  specific  gravity,  and  the  multiplier 
which  gives  the  diameter  of  the  equal-settling  grain  of  quartz,  com- 
puted from  Rittinger's  formula  for  average  grains. 

Table  I. 

Mineral.  Specific  gravity.  Multiplier  for 

equal-settling  quartz. 

Anthracite, 1.473  .288 

Quartz, 2.640  1.00 

Epidote, 3.380  1.45 

Sphalerite, 4.046  1.85 

Pyrrhotite, 4.508  2.14 

Magnetite, 4.987  2.43 

Chalcocite, 5.334  2.64 

Arsenopyrite, 5.627  2.82 

Cassiterite, 6.261  3.22 

Antimony  (artificial), *  6.706  3.48 

Wolframite, 6.937  3.64 

Galena  (cubic), 7.586  4.01 

Copper  (Lake  Superior),      ....  8.479  4.56 

Rittinger  (1866)  considers  the  law  of  equal-settling  particles  to  be 
the  law  of  jigging,  and  infers  in  consequence,  that  a  jig  should  be 
fed  with  particles  of  galena  and  quartz,  for  example,  that  are  in  no 
case  equal-settling.  To  prepare  the  sands  for  a  series  of  jigs,  then, 
there  will  be  required  a  series  of  sieves  graded  according  to  the 
diameters  of  their  meshes.  The  ratio  for  the  diameters  of  these 
meshes  for  jigging  quartz  and  galena,  for  example,  will  be  1  :  4,  and 
for  the  other  minerals,  as  the  multipliers  given  in  Table  I. 

Upon  this  theory,  the  continental  system  of  close  sizing  before 
jigging  has  been  developed. 

With  a  view  to  studying  this  question,  experiments  were  insti- 
tuted upon  the  rates  of  falling  in  water,  and  for  this  purpose,  a  sort- 
ing-tube of  the  size  indicated  in  Fig.  1,  and  marked  at  a,  b  and  c, 
was  mounted  vertically  and  filled  with  water  to  the  top.  Each 
mineral  was  sized  by  a  series  of  sieves,  the  values  of  the  holes  in 
which  were  obtained  with  great  care. 

Table  II.  shows  the  manner  in  which  the  size  of  the  grains  de- 
livered upon  each  sieve  was  computed.  For  convenience  the  sieves 
were  arranged  in  a  nest,  see  Fig.  2,  so  that  when  the  nest  was  shaken, 
a  sample  of  mineral  placed  on  the  upper  sieve  delivered  all  its  dif- 
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ferent  sizes,  each  upon  its  own  sieve.     Fall  velocities  were  obtained 
by  allowing  a  number,  perhaps  50,  of  grains  of  the  same  size  to  fall 


Fig. 


"t 





Sortinsr-tube. 


the  distance  of  8  feet  from  a  to  c  in  the  sorting-tube,  and  noting  the 
period  required  for  the  passage  of  the  fastest  grain,  and  also  the  time 
required  for  approximately  90  per  cent,  of  the  grains  to  pass.     This 
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proportion  of  90  per  cent,  was  preferred  to  the  observation  of  the 
slowest  grain,  because  the  slowest  often  lags  an  indefinite  distance 
behind.  The  results  of  these  tests  are  given  for  fastest  grains  in 
Table  III.,  for  slowest,  in  Table  IV. 


Table  II. 

— Computation  of  Grain-Sizes. 

Mesh. 

Meshes  per  Inch 
One  Way. 
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In. 
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In. 

3 

3. 

.0503 

.2830 

3. 

.0503 

.2830 

.2830 

4 

3.75 

.0471 

.2196 

*A 

.0447 

.1977 

.2087 

.2458 

5 

5.25 

.0404 

.1500 

5. 

.0404 

.1596 

.1548 

.1817 

6 

6. 

.0352 

.1315 

5.9 

.0365 

.1330 

.1322 

.1435 

8 

8. 

.0280 

.0970 

7.5 

.0279 

.1054 

.1012 

.1167 

10  old 

10. 

.0250 

.0750 

8| 

.0250 

.0909 

.0830 

.0921 

10  new 

10.4 

.0250 

.0712 

10. 

.0220 

.0780 

.0746 

.0879* 

12 

12. 

.0221 

.0613 

11.8 

.0221 

.0626 

.0619 

/  .0725  f 
1.0683 t 

14 

14. 

.0197 

.0517 

14. 

.0197 

.0517 

.0517 

.0568 

16 

16. 

.0182 

.0443 

14.6 

.0183 

.0502 

.0472 

.0495 

18 

18. 

.0170 

.0386 

18.4 

.0158 

.0386 

.0386 

.0429 

20 

18.8 

.0161 

.0371 

20. 

.0156 

.0344 

.0357 

.0372 

24 

22. 

.0133 

.0322 

24. 

.0138 

.0279 

.0300 

.0329 

30 

28. 

.0124 

.0233 

30. 

.0121 

.0213 

.0223 

.0262 

40 

35. 

.0100 

.0186 

40. 

.0100 

.0150 

.0168 

.0195 

50 

40. 

.0090 

.0160 

50. 

.0083 

.0117 

.0138 

.0153 

60 

61.5 

.0081 

.0081 

47. 

.0076 

.0136 

.0109 

.0124 

80 

67. 

.0055 

.0094 

81. 

.0055 

.0068 

.0081 

.0095 

100 

101. 

.0047 

.0052 

102. 

.0043 

.0055 

.0054 

.0068 

120 

116. 

.0034 

.0052 

120. 

.0034 

.0049 

.0051 

.0052 

140 

128. 

.0034 

.0044 

136. 

.0034 

.0039 

.0042 

.0046 

*  Average  of  8  and  new  10-mesh.        f  With  old  10-mesh.        J  With  new  10-mesh. 
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Anthracite. 


No.  observations.    |    | 


Quartz. 


No.  observations.    |    ; 


Epidote. 


No.  observations.    |    • 


Sphalerite. 


No.  observations.    [ 


Pyrrhotite. 


No.  observations.    |    • 


Magnetite. 


No.  observations.    |    • 


Chalcocite.      ". 
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The  specific  gravities  are  the  result  of  three  or  four  closely  agree- 
ing tests.  The  diameters  are  given  in  fractions  of  an  inch  ;  the  ve- 
locities, in  inches  per  second.  In  all  cases  the  grains  were  thor- 
oughly wetted,  and  in  many  cases  they  were,  boiled  in  water,  before 
being  dropped. 

Some  remarks  are  called  for  by  apparent  inconsistencies  in  Table 
III.  In  nearly  every  instance,  cassiterite  fell  faster  than  antimony, 
although  its  specific  gravity  is  lower.  I  explain  the  low  specific 
gravity  given  by  the  presence  of  a  little  quartz  in  included  grains 
with  the  cassiterite,  while  the  free  grains  probably  have  a  higher 
specific  gravity  than  antimony,  and  fall  ahead  of  that  metal,  as  they 
should.  The  inconsistency  between  chalcocite  and  magnetite  is  due 
to  the  shape  of  the  particles ;  magnetite  has  rounded  or  cubical  grains ; 
chalcocite  is  very  flat  and  scaly.  Copper  does  not  lead  galena  nearly 
so  much  as  one  would  expect.  This  is  due  to  the  shape  of  the  par- 
ticles. The  copper  was  Calumet  and  Hecla  stamp-copper,  as  free  as 
possible  from  rock,  pieces  being  all  more  or  less  flattened,  and  the 
finer  particles  were  to  some  extent  arborescent  and  leaf-like,  while 
the  galena  was  taken  from  large  pure  cubes  of  Wisconsin  mineral. 
The  work  upon  magnetite  broke  down  at  the  60-mesh  sieve,  sizes 
below  attracting  each  other  so  much  that  the  large  flakes  resulting 
made  a  test  impossible. 

The  fall- velocities  for  the  slowest  particles,  that  is,  the  particles 
which  fell  at  a  period  when  90  per  cent,  (as  estimated  by  the  eye) 
had  fallen,  are  given  in  Table  IV.  These  are  perhaps  of  less  value 
than  those  of  the  fastest  particles,  since  there  is  a  certain  personal 
equation  which  may  vary.  But  for  other  reasons,  as  I  think  I  shall 
be  able  to  show  later,  these  values  are  of  very  great  interest  and  play 
an  important  part  in  the  whole  ore-dressing  discussion.  The  values 
marked  *  and  all  below  them  in  the  columns  were  measured  upon 
1-foot  fall  instead  of  8  feet,  and  are  therefore  somewhat  better  deter- 
minations than  the  values  for  the  corresponding  sizes  in  the  other 
columns.  Towards  the  lower  ends  of  these  columns  frequent  incon- 
sistencies will  be  noted.  They  are,  however,  not  very  serious,  and 
are  accounted  for,  partly  as  in  the  case  of  the  fastest  grains,  Table 
III.,  and  partly  by  the  difficulty  in  judging  the  90  per  cent. 

That  the  meaning  of  the  figures  in  Tables  III.  and  IV.  may  be 
more  plainly  shown  to  the  eye,  curves  may  be  drawn  representing 
the  fastest  and  slowest  grains  for  each  mineral.  The  points  of  actual 
observation,  and  those  of  the  corresponding  calculated  parabola,  are 
shown  in  diagrams  1  to  13  inclusive. 
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Diagram  1. 

Velocity  in     y  inches  per  second. 
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Observed  Velocities  of  Fall  in  Water,  with  Parabolas  Calculated  to  Conform 
Most  Nearly  Thereto. 

The  parabolas  that  are  plotted  in  these  diagrams  with  the  fall- 
velocities  were  calculated  as  follows:  For  example,  take  the  fastest 
grains  of  galena.  A  point  is  selected  on  the  .05  inch  diameter  line 
which  would  apparently  bring  the  parabola  well  among  the  observed 
points.  Its  velocity,  15.2  inches  per  second  is  read  upon  the  upper 
line.     We  then  fill  in  the  formula  for  the  parabola: 

V  =  velocity  in  inches  per  second. 
D  =  diameter  of  the  grain  in  inches. 
C=  a  constant. 


15.2X15.2 
.05 


=  C  =  4621. 


We  then  assume  different  velocities  and  solve  the  equation, 
vol.  xxiv. — 27 
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Observed  Velocities  of  Fall  in  Water,  with  Parabolas  Calculated  to  Conform 
Most  Nearly  Thereto. 


V2 


4621, 


to  get  tlie  values  of  D.  D  and  V  being  known,  the  plotting  of  the 
curve  is  easily  done. 

Table  V.  shows,  for  these  thirteen  minerals,  both  Rittinger's  and 
the  author's  parabolas  for  fastest  and  slowest  grains. 

The  discrepancy  between  the  two  sets  of  parabolas  is  striking. 
That  Rittinger's  values  for  the  slowest  grains  should  be  less  than 
mine  is  natural,  since  I  did  not  wait  to  get  absolutely  the  last  grain, 
but  marked  the  moment  when  90  per  cent,  (estimated)  had  passed. 
In  regard  to  the  fastest  grains,  however,  my  method  of  letting  50 
grains  fall  at  a  time  selects  by  natural  process  the  fastest  grains  of 
the  50,  and  should  yield  higher  results  than  the  method  of  picking 
out  compact  grains  by  the  eye,  and  letting  them  drop  one  at  a  time. 
The  test  makes  a  more  perfect  selection  than  can  the  eye.  Indi- 
vidual grains  were  tried,  and  found  to  confirm  this  view. 
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Diagram  3. 

Velocity  in  inches  per  second.  x 
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AM. BANK   NOTE  CO.N.V. 


WOLFRAMITE    SP.  GR.  6.937 

Observed  Velocities  of  Fall  in  Water,  with  Parabolas  Calculated  to  Conform 
Most  Nearly  Thereto. 

Table  V. — Computed  Parabolas  of  Fall. 


1 

Rittinger's  Parabolas. 

Author's  Parabolas. 

For  Faste.-t 
Grains. 

'  D 

For  Slowest 
Grains. 

V2 
D 

For  Fastest 
Grains. 

V2 
D 

For  Nearly  the 
Slowest  Grains 

V2 
D 

2229 

1977 

1769 

1701 

1569 

1380 

1293 

1189 

1046 

909 

709 

489 

141 

1102 
972 
875 
841 
776 
682 
639 
588 
517 
450 
352 
242 
70 

4683 
4621 
3920 
3540 
3844 
3425 
2599 
2599 
2520 
17o0 
1585 
925 
180 

973 

2113 

1225 

1056 

1156 

812 

673 

1037 

720 

720 

520 

353 

20 

Antimony 

Cassiterite 

Arsenopvrite 

(halcocite 

Pvrrhotite 

1     Sphalerite 
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Diagram  4. 

Velocity  in  inches  per  second. 

4         5         6         7         S         0        10        11        12        13        14       15        If,        17       18 
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ANTIMONY    SP.   GR.    6.706  '  ™  "' 

Observed  Velocities  of  Fall  in  Water,  with  Parabolas  Calculated  to  Conform 
Most  Nearlv  Thereto. 


The  computations  made  by  A.  E.  Woodward  and  myself  from 
Rittinger's  formulas,  and  published  in  our  paper  on  this  subject 
(  Trans.,  xviii.,  644),  must  therefore  give  place  to  the  present  figures 
obtained  by  actual  test. 

To  compare  further  the  results  obtained  by  the  fall-tube  with  those 
of  Rittinger,  the  ratios  of  diameters  of  the  particles  of  the  several 
minerals  to  those  of  equal-settling  particles  of  quartz,  were  deter- 
mined as  follows:  A  number  of  velocities  were  assumed,  and  cor-, 
responding  diameters  of  the  fastest  grains  for  each  mineral  were  taken 
from  the  curves  of  free-falling  particles.  These  values  are  here  tab- 
ulated.    (See  Table  YI.) 

From  these  figures  for  fastest  grains  were  computed  multipliers  to 
be  used  in  obtaining  the  diameters  of  equal  settling  particles  of 
quartz.  These  are  given  in  Table  XXI.,  in  the  final  column  of  which 
Rittinger's  multipliers  for  average  grains  are  also  given. 
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1        2 


Diagram  5. 

Velocity  in  inches  per  second. 
4         5         6         ?         S         9        10        11        10        13       U        15       16        IT       18 
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AM.BAMK  NOTE  CO.N.Y. 


CASSITERITE    SP.   GR.    6.261 

Observed  Velocities  of  Fall  in  "Water,  with  Parabolas  Calculated  to  Conform 
Most  Nearly  Thereto. 

Table  VI. — Diameters  Corresponding  io  Given  Velocities  of  Fall. 


Anthracite... 

Quartz 

Epidote 

Sphalerite.... 
Pyrrhotite  ... 

Velocity  in  Inches  Per  Second. 

1.           2. 

3.             4. 

5. 

6. 

7.             8. 

9. 

Diameter  in  Inches. 

.011 

.0055 

.0035 

.027 
.0095 
.007 
.0065 
.0055 
.005 
005 
.0045 
.0035 
.0035 
.0035 
.0035 

.049 
.011 

.0105 
.0105 

.0n85 
.0075 

.080 
.017 
.015 

.0145 
.0115 

01  (In 

.03 

.02 

.0185 

.015 

.0145 

.0124 

.011 

.011 

.0105 

.010 

.010 

.041 

.0255 

.025 

.0185 

.018 

.016 

.014 

.014 

.0135 

.012 

.0128 

.053 

.034 

.0315 

.0235 

:022 

.0195 

.0175 

.0  75 

.0165 

.0145 

.0148 

.'064 

.011 
.0885 

.03 

.0262 

.0225 

.021 

.0215 

.0195 

.017 

.017 

.075 

.051 

.018 

.036 

.0345 

.0255 

.024 

.025 

.023 

.020 

.020 

Arsenopvrite 

Cassiterite 

Antimony 

Wolframite... 

.007       .009 
.00615  .0085 
.0055     .0085 
.006     ,  .0082 
.006     i .0075 
.0055      0079 
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Diagram  6. 

Velocity  in  inches  per  second. 
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ARSENOPYRITE    SP.   GR.    C.627 

Observed  Velocities  of  Fall  in  Water,  with  Parabolas  Calculated  to  Conform 
Most  Nearly  Thereto. 

Table  VII. — Equal-Settling  Factors,  or  Multipliers  for  Obtaining 
the  Diameter  of  Quartz  which  will  be  Equal- Settling  with  the  Min- 
eral Specified. 


Anthracite... 
Epidote 

Velocity  in  inches  per  second. 

<B  00* 

.288 
1.45 
1.85 
2.14 

2.64 
2.82 
3.32 
3.48 
3.64 
4.01 
4.56 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Au 

rHOR'S  B 

lULTIPLIEUS. 

.500 
1.57 

.352 
1.35 
1.46 
1.73 
1.90 
1.90 
2.11 
2.71 
2.71 
2.71 
2.71 

.225 
1.05 
1.05 
1.29 
1.47 
1.57 
1.79 
2.00 
1.83 
1.83 
2.00 

.213 
1.13 
1.17 

1.48 
1.62 
1.89 
2.00 
2.00 
2.07 
2.26 
2.36 

1.50 

1.62 

2.00 
2.07 
2.42 
2.73 
2.73 
2.86 
3.00 
3.00 

1.61 
1.64 
2.22 
2.28 
2.56 
2.93 
2.93 
3.04 
3.42 
3.20 

1.56 
1.68 
2.26 
2.41 
2.72 
3.03 
3.03 
3.21 
3.65 
3.58 

1.56 

1.66 
2.13 
2.44 
2.S4 
3.05 
2.98 
3.28 
3.76 
3.76 

1.47 
1.56 
2.08 
2.17 
2.94 
3.12 
3.00 
3.26 
3.75 
3.75 

Pvrrhotite... 

Chalcocite... 

Arsenopyrite 

Wolframite.. 

CLOSE   SJZING    BEFORE    JIGGIJSGr. 
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Diagram  7. 

Velocity  lu  inches  per  second. 
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CHALCOCITE    SP.   GR.    5.33* 


Observed  Velocities  of  Fall  in  Water,  with  Parabolas  Calculated  to  Conform 
Most  Nearly  Thereto. 

Upon  inspection  of  the  carves  for  free-falling  grains,  in  diagrams 
1  to  13,  three  facts  are  noticed  : 

1.  The  lines  of  fastest  grains,  and  of  slowest  grains,  depart  very 
considerably  from  the  parabola,  particularly  on  the  smaller  sizes. 

2.  The  space  between  the  two  lines  of  fastest  grains  and  slowest 
grains  is  a  wide  zone  or  belt. 

3.  The  width  of  the  zone  may  vary  greatly,  depending  upon  the 
shape  of  the  particles — for  example,  the  copper  zone  is  much  wider 
than  that  of  the  galena. 

With  regard  to  the  first  point,  Rittinger  makes  note  of  the  fact 
that  his  formulas  fail  for  finer  sizes.  These  curves,  therefore,  place 
on  record  the  degree  to  which  they  have  failed  with  the  minerals 
here  tested.  We  see  that  the  velocity  of  any  mineral  which  tends 
to  break  into  flat  scales,  or  elongated  grains  (for  instance,  copper  or 
chalcocite),  is  so  modified  as  to  change  its  class  entirely.     Thus,  the 
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Diagram  8. 

Velocity  In  inches  per  second. 
1  2         3         4         5  6         7         8         9        10        11        12        13       14        15        16        IT        18 


TT 


.07 


-.04 

u 

S     -20 

I 


,08 


-:.(, 


"liO 


CjlK  i  lat_   I  ]  jil'M  c  lu    " 


;.,;i: 


AM.3ANK  NOTE  CO.N.Y. 


MAGNETITE    SP.   GR.    4.987 

Observed  Velocities  of  Fall  in  Water,  with  Parabolas  Calculated  to  Conform 
Most  Nearly  Thereto. 

curves  for  fastest  grains  of  galena  and  copper  are  almost  identical, 
although  their  specific  gravities  are  widely  different. 

Each  mineral  has,  therefore,  its  own  "  personal  equation,"  and 
minerals  cannot  be  classed  by  specific  gravity  alone.  Hence,  no  for- 
mula can  be  founded  on  specific  gravity  and  sieve-size  only.  It 
must  be  modified  by  the  coefficient  t)f  each  mineral  for  practical 
use. 

The  second  point,  also,  was  recognized  by  Rittinger,  as  is  shown 
in  his  formulas  for  fastest  grains  and  slowest  grains  already  quoted 
in  this  paper.  But  the  deduction  which  followed  from  adopting  a 
mean  value  for  these  grains  has  been  somewhat  of  a  puzzle  to  me. 

Let  us  take  an  example  from  the  curves  of  sphalerite  (blende) 
and  quartz.  A  mean  grain  of  quartz,  of  .07  inch  diameter,  will  fall 
6.7  inches  in  one  second.  Following  down  the  sphalerite  curve,  we 
find  that  a  mean  grain  of  sphalerite  of  .039  inch  diameter  settles 
6.7  inches   in  one  second.      If  then,  we   were   to  use   these   mean 
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Diagram  9. 

Velocity  in  inches  per  second. 
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'VRHHOTITE    SP.    OR.    4.508 

Observed  Velocities  of  Fall  in  Water,  with  Parabolas  Calculated  to  Conform 
Most  Nearly  Thereto. 

values,  as  Rittinger  recommends,  for  obtaining  our  sieve-scale,  we 
should  conclude  that,  with  two  sieves,  one  having  holes  of  .07  inch 
diameter  and  the  other  of  .039  inch  diameter,  the  fastest  grain  of 
quartz  between  these  two  sizes  has  less  speed  in  settling  than  the 
slowest  grain  of  the  sphalerite,  and  therefore  this  product  would  be 
jiggable,  according  to  the  law  of  equal-settling  particles.  But,  in 
fact,  the  fastest  grain  of  quartz  falls  about  8.5  inches  in  one  sec- 
ond, while  the  slowest  grain  of  sphalerite  settles  only  5  inches 
in  one  second;  hence,  the  product  is  unjiggable  according  to  the 
law  of  equal-settling  particles.  Indeed,  these  zones  of  quartz  and 
sphalerite  lap  over  on  each  other,  even  on  a  single  sieve;  and  if  the 
law  of  equal-settling  particles  were  the  only  law  of  jigging,  sphal- 
erite and  quartz  could  not  be  sized  closely  enough  to  prepare  them 
for  jigging. 

The  converse  seems,  therefore,  evident,  namely,  that   under  no 
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Diagram  10. 

Velocity  in  inches  per  second. 
6         7        S         0        10       11        12       13       14        15       16        17      IS 
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SPHALERITE    SP.    GR,    4.046 

Observed  Velocities  of  Fall  in  Water,  with  Parabolas  Calculated  to  Conform 
Most  Nearly  Thereto. 

circumstances  is  the  law  of  equal-settling  particles  the  whole  law  of 

jigging' 

II. — Interstitial  Currents. 

Professor  H.  S.  Munroe  tested,  in  1889,  the  effect  of  confined 
space  upon  falling  particles.  He  timed  different  sizes  of  lead  shot, 
or  spheres,  falling  in  a  narrow  glass  tube  filled  with  water,  Fi>j.  3a. 
If  d  equals  the  diameter  of  the  shot,  and  D  that  of  the  tube,  he 

found  that  the  larger  the  fraction  y,  the  greater  was  the  retardation 

or  loss  of  velocity  by  the  shot.  When  this  fraction  equals  unity,  the 
shot  stops.  He  applies  this  principle  to  the  question  of  equal-settling 
particles  as  follows  :  If  particles  of  quartz,  for  example  (Fig.  3b), 
are  represented  by  the  larger  circles,  and  those  of  equal-settling  ga- 
lena by  the  smaller  circles,  then,  when  these  mixed  particles  are 
settling  en  masse,  or  are  held  in  suspension  by  a  rising  current  of 
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1         2 


Diagram  11. 

Velocity  in  inches  per  second. 

4  5  f,  7 


9 W        11        13 


n.  ._.        ..  EPIDOTE    SP.   GR.   3.380 

Observed  Velocities  of  Fall  in  Water,  with  Parabolas  Calculated 
Most  Nearly  Thereto. 


O 
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Fig.  3b. 


to  Conform 


Fig.  3a. 
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Interstitial  fall. 


Falling  spheres. 
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Diagram  12. 
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.SANK  NOTE  CO.N.' 


Observed  Velocities  of  Fall  in  Water,  with  Parabolas  Calculated  to  Conform 
Most  Nearly  Thereto. 

water,  each  particle  may  be  considered  to  be  falling  in  a  tube,  the 
walls  of  which  consist  of  the  surrounding  particles.  Substituting  a 
circle  in  each  case  for  the  imaginary  tube,  we  have  Fig.  4,  repre- 
senting the  conditions  for  galena  and  quartz, 
the  outer  circle  representing,  in  each  case,  the 
imaginary  tube.     A  glance  is  sufficient  to  show 

7 

us  that  the  fraction  -^  is  much  smaller  for  the 


Fig.  4. 


Imaginary  tubes  of 
interstitial  fall. 


D 


galena  particle  than  it  is  for  the  quartz.  The 
galena  particle  will,  therefore,  be  less  impeded  in  its  fall  than  the 
quartz,  and,  in  consequence,  the  particles  of  galena  that  are  found 
adjacent  to  the  particles  of  quartz  will  be  smaller  than  the  ratio 
which  the  law  of  equal-settling  particles  would  indicate.  Professor 
Munroe  infers  that  these  interstitial  currents  account  for  the  fact, 
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1         2         3 


Diagram  13. 

Velocity  in  inches  per  second. 
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Observed  Velocities  of  Fall  in  Water,  with  Parabolas  Calculated  to  Conform 
Most  Nearly  Thereto. 

made  use  of  in  the  mills,  that  a  jig  will  save  galena  which  is  much 
finer  than  would  be  the  case  if  the  law  of  equal-settling  particles 
was  the  only  law  of  jigging.  And  he  finally  proves,  by  equating 
his  formulas,  that  the  ratio  of  diameters  for  the  quartz  and  galena, 
after  the  interstitial  currents  have  brought  the  grains  to  equilibrium, 
will  be  as  30:1. 

Prof.  Munroe  says  further  (Trans.,  xvii.,  650) : 

"We  see,  therefore,  that  if  the  material  to  be  treated  is  sized  between  the  limits 
of  1  mm.  and  30  mm.,  it  will  be  possible  to  separate  the  quartz  from  the  galena. 
All  the  spheres  of  galena  will  have  a  greater  falling-velocity  than  the  1  mm. 
grain  ;  and  all  the  spheres  of  quartz  will  rise  more  readily  and  fall  more  slowly  than 
the  30  mm.  grain." 


I  have  recently  attempted  to  ascertain  by  experiment  to  what  ex- 
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Pointed  Tube. 


tent  this  law  of  interstitial 
currents  acts  upon  irregular 
particles.  For  this  purpose,  I 
constructed  a  pointed  tube  of 
the  form  shown  in  Fig.  5, 
which  consists  of  a  tin  cone,  a, 
with  an  overflow,  /,  united  to 
a  pointed  tube  of  glass,  b,  by 
a  rubber  connector,  c,  and 
having  a  water-supply,  d,  reg- 
ulated by  the  cock,  g,  and  a 
bulb,  e,  joined  by  a  rubber 
connector,  h.  If  this  appa- 
ratus be  filled  with  water,  and 
a  sample  of  mixed  sands, 
which  pass  through  a  ten- 
mesh  sieve  (an  ordinary  8- 
ounce  bottleful  represents  the 
quantity  used),  be  charged 
gradually  at  the  top,  and  a 
slight  upward  current  of  water 
be  admitted  through  the  tube, 
d,  the  sands  will  rapidly  as- 
sume a  condition  of  approxi- 
mate equilibrium.  Here  we 
have  sands,  say,  of  two  spe- 
cific gravities,  and  of  sizes 
ranging  from  ten-mesh  to 
dust,  which  are  held  in  gently- 
moving  suspension  by  the 
slow  upward  current.  This 
device  presents,  therefore,  the 
conditions  necessary  to  test 
the  limits  of  interstitial  cur- 
rents. 

By  means  of  this  pointed 
tube,  the  behavior  of  the  min- 
erals named  in  Table  VIII., 
taken  by  pairs,  has  been 
tested. 
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Table  VIII. — List  of  Mineral  Pairs  Treated  in  the  Pointed  Tube. 

Quartz,  specific  gravity  2.640  and  Copper,  specific  gravity  8.479 

Galena,  «  7.586 

Wolframite,  «  6.937 

"                  "                 "              Antimony,  "  6.706 

"                 "                  "              Cassiterite,  "  6.261 

"                  "                  "               Arsenopyrite,  "  5.627 

Chalcocite,  "  5.334 

Magnetite,  "  .          4.987 

Pyrrhotite,  »  4.508 

Sphalerite,  «  4.046 

Epidote,  "  3.380 

Anthracite,  "  1.473 

Each  of  these  pairs  was  treated  in  the  pointed  tube  (Fig.  5)  by 
allowing  from  one  half  hour  to  two  hours  for  the  grains  to  come  to 
equilibrium;  and  since  the  larger  part  of  the  sorting  is  done  in  the 
first  minute,  we  may  consider  that  the  work  is  practically  completed 
in  hflf  an  hour. 

While  the  sands  are  still  kept  in  gently-moving  suspension,  the 
current  is  slightly  slackened  by  means  of  the  cock,  <7,and  the  heavier 
grains  are  allowed  to  find  their  way  down  into  the  bulb,  e.  When 
the  bulb  is  full,  £he  rubber  connector,  h,  is  pinched  with  the  thumb 
and  finger,  and  the  bulb  is  replaced  with  a  new  one,  which  has  been 
completely  filled  with  water,  care  having  been  taken  to  remove  the 
bubble  of  air  from  the  neck.  In  like  manner  the  second  bulb  is 
filled  and  removed,  and  a  third,  a  fourth,  and  so  on  until  all  the 
sand,  to  the  finest  slimes,  has  been  drawn  off.  The  overflow  will 
be  found  to  contain  very  light  particles,  and  also  a  few  particles  car- 
ried over  by  greasy  flotation.  This  should  be  caught,  and  may  be 
called  the  last  bulb  or  drawing. 

Each  of  these  drawings,  which  were  ten  in  number,  was  carefully 
dried  and  then  sized  in  the  nest  of  sieves  (Fig.  2).  The  sizes,  for 
example,  in  the  galena  series  (see  Plate  II  a),  in  the  fifth  flask,  were 
found  to  be  perfectly  pure  quartz  down  to  the  30-mesh  sieve.  The 
40-mesh  contained  a  little  galena;  the  50-mesh  was  nearly  all 
galena,  with  a  little  quartz;  and  all  the  sizes  below  50  were  pure 
galena. 

The  twelve  pairs  of  minerals  were  all  treated  in  this  way,  and  the 
photographs  (Plates  I.  to  XII.  inclusive)  show  the  results  obtained 
in  the  form  of  a  graphical  plot  of  the  actual  grains.  The  vertical 
columns  Nos.  1,  2,  3,  4,  etc.,  represent  the  successive  bulbs.  The 
horizontal  lines  indicate  groups  of  particles  resting  upon  like  sieves. 
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This  series  of  photographs  shows  very  prettily  what  can  be  done 
with  a  pointed  tube  in  the  way  of  water-sorting,  preparatory  to 
sizing.  A  series  of  tables  (Tables  IX.  to  XXI.  inclusive)  has  been 
prepared  to  accompany  the  photographs.  These  tables,  giving  the 
estimated  percentage  in  every  hill  of  the  mineral  which  was  to  be 
concentrated,  will  be  found  convenient  in  interpreting  the  photo- 
graphs. 

In  the  galena-quartz  photogi€ph  (Plates  II.  a,  II.  b)  there  are 
scarcely  any  mixed  grains  until  slimes  are  reached.  I  he  ninth  and 
tenth  drawings  are  much  mixed,  and  always  will  be  so,  coming  from 
the  apparatus  here  described.  Their  separation  will  be  the  subject 
of  another  paper. 

The  same  is  true  of  the  copper-quartz  photograph  (Plate  I.),  ex- 
cept that  the  sample  contained  none  of  the  very  finest  slimes,  and 
therefore  the  ninth  and  tenth  drawings  are  practically  pure  quartz. 

Following  through  the  various  minerals  and  gravities,  we  see  a 
general  set  of  features  possessed  in  common,  but  changing  a  little 
with  each  successive  photograph.  First,  we  have  in  copper  a  range 
of  clean,  pure  quartz  hills  from  No.  4  on  12  to  No.  9  on  100.  We 
also  have  a  clean  range  of  copper  hills  from  No.  1  on  12  to  No.  S 
slimes,  and,  between  the  two,  a  valley  almost  dwtitute  of  grains, 
which  is  widest  from  No.  4  on  20  to  No.  5  on  30,  and  narrows  very 
much  at  No.  8  on  120. 

In  arsenopyrite  (Plate  VI.),  the  valley  is  gone  on  the  100- mesh 
line,  and  we  have  a  plateau  instead.  In  chalcocite  (Plate  VII.), 
the  plateau  has  reached  up  to  the  50-mesh  line.  In  pyrrhotite  (Plate 
IX.),  it  has  reached  the  40-mesh  line.  In  epidote  (Plate  XL),  the 
plateau  has  disappeared  below  24-mesh,  and  a  single  wide  range  of 
hills  has  taken  its  place. 

The  above  features  are  due  to  the  convergence,  towards  the  hill 
marked  No.  10  slimes,  of  the  two  approximately  parabolic  curves. 

A  single  plate  (Plate  XIII.)  is  given  to  illustrate  a  three-mineral 
separation,  in  which  slate  (specific  gravity,  2.735),  barite  (specific 
gravity,  4.127),  and  galena  (specific  gravity,  7.586)  are  the  three 
minerals.  Table  XXII.  accompanies  it,  giving  estimated  percent- 
ages in  the  hills. 

The  weights  of  the  hills  for  three  columns  of  each  of  Plates  I. 
to  XII.  inclusive  (except  VIII.)  will  be  found  in  the  following 
Tables,  XXV.  to  XXXVI. 

They  are  absolute  weights  in  every  case  except  where  a  hill  con- 
tained a  mixture  of  two  minerals.     In  such  a  case  the  total  weight 
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Separation  of  Quartz  and  Copper  by  Pointed  Tube  and  Sieves. 

Table  IX. — Estimated  Percentage  of  Copper  in  the  Hilts  of 

Plate  I. 


Sieve-mesh. 
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90 
99 
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For  the  weights  of  the  hills  in  columns  5,  0  and  7,  see  Table  XXV. 
vol.  xxiv.— 28 
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Separation  (First  Time)  of  Quartz  and  Galena  by  Pointed  Tube  and  Sieves. 

Table  X. — Estimated  Percentage  of  Galena  in  the  Hills  of 
Plate  II.  a. 
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Separation  (.Second  Time)  of  Quartz  and  Galena  by  Pointed  Tube  and  Sieves. 

Table  XI. — Estimated  Percentage  of  Galena  in  the  Hills  of 
Plate  II  b. 
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Sieve-mesh. 
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Separation  of  Quartz  and  Wolframite  by  Pointed  Tube  and  Sieves. 

Table  XII. — Estimated  Percentage  of  Wolframite  in  the  Hills  of 

Plate  III. 
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For  the  weights  of  the  hills  in  columns  5,  6  and  7,  see  Table  XXVIII. 
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Separation  of  Quartz  and  Antimony  by  Pointed  Tube  and  Sieves. 

Table  XIII. — Estimated  Percentage  of  Antimony  in  the  Hills  of 

Plate  IV. 
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For  the  weights  of  the  hills  in  columns  5,  6  and  7,  see  Table  XXIX. 
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Separation  of  Quartz  and  Cassiterite  by  Pointed  Tube  and  Sieves. 

Table  XIV. — Estimated  Percentage  of  Cassiterite  in  the  Hills  of 

Plate  V. 
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For  the  weights  of  the  hills  in  columns  5,  6  and  7,  see  Table  XXX. 
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Plate  VI. 
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Separation  of  Quartz  and  Arsenopyrite  by  Pointed  Tube  and  Sieves. 

Table  XV. — Estimated  Percentage  of  Arsenopyrite  in  the  Hills  of 

Plate  VI. 
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For  the  weights  of  the  hills  in  columns  5,  6  and  7,  see  Table  XXXI. 
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:o  Gr. 
Chalcocite  Sp  Gr.      5.334 


Separation  of  Quartz  and  Chalcocite  by  Pointed  Tube  and  Sieves. 

Table  XVI. — Estimated  Percentage  of  Chalcocite  in  the  Hills  of 

Plate  VII. 
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For  the  weights  of  the  hills  in  columns  5,  0  and  7,  see  Table  XXXII. 
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Separation  of  Quartz  and  Magnetite  by  Pointed  Tube  and  Sieves. 

Table  XVII. — Estimated  Percentage  of  Magnetite  in  the  Hills  of 

Plate  VIII. 


Sieve-mesh. 

l 

100 

100 
100 
100 
100 
100 
100 
LOO 
100 
100 
100 
100 
100 
100 
100 

2 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

3 

4 

5 

6 

7 

8 

9 

10 

12 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

15 
80 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
1 00 
100 
100 

14 

2 
40 
75 
100 
100 
100 
100 
100 
LOO 
100 
100 
100 
100 
100 

16 

18 

20 

24 

30 

40 

5 

40 

70 

100 

100 
100 
100 

100 
100 
100 
100 
100 

2 
50 
90 
100 
100 
LOO 
loo 

10O 

100 
100 

5 

35 
50 
L00 
100 
100 
100 
100 

10 
50 
90 

100 
100 

60 
50 
15 

5 
35 

•rj0 

60 

80 

100 

120 

140 
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Separation  of  Quartz  and  Pyrrliotite  by  Pointed  Tube  and  Sieves. 

Table  XVIII. — Estimated  Percentage  of  PyrrhotUe  in  the  Hills  of 

.     Plate  IX. 


Sieve-mesh. 

l 

100 
100 
100 
100 
100 
100 
100 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

50 

100 
100 
100 
100 

too 

100 

1 

10 

50 

95 

100 

100 

100 

1 

2 
25 
50 
90 

98 

14 

16 

1 
1 
1 

10 
50 

18 

20 

24 

30 

1 

I 

10 

1 

2 

III 

40 

100 

100 

100 

100 

98 

50 

.". 

4 

40 

50 

100 

1(11) 

100 

100 

100 

90 

10 

4 

35 

40 

60 

100 

100 

100 

100 

100 

98 

50 

5 

25 

40 

80 

100 

100 

100 

100 

100 

100 

90 

10 

20 

50 

100 

100 

100 

100 

100 

100 

100 

100 

50 

25 

.')() 

120 

100 

100 

100 

100 

100 

100 

Km 

98 

25 

50 

140 

100 

100 

100 

100 

100 

100 

100 

100 

25 

50 

100 

100 

100 

100 

100 

100 

100 

100 

65 

60 

For  the  weights  of  the  hills  in  columns  5,  6  and  7,  see  Table  XXXIII. 
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Separation  of  Quartz  and  Sphalerite  by  Pointed  Tube  and  Sieves. 

Table  XIX. — Estimated  Percentage  of  Sphalerite  in  the  Hills  of 

Plate  X. 


Sieve-mesh. 

l 

o 

80 
99 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

3 

4 

5 

6 

7 

8 

9 

10 

12 

99.5 
100 
100 
100 
100 
100 
100 
100 
100 
100 

10O 
10O 
100 

100 

100 

10 

40 

60 

80 

99 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

14 

16 

2 

10 

50 

85 

99 

100 

100 

100 

100 

100 

100 

100 

100 

18 

20 

2 

10 

50 

98 

100 

100 

100 

100 

100 

100 

100 

24 

1 

10 

50 

90 

99 

100 

100 

100 

100 

100 

2 
5 
20 
50 
75 
95 
100 

100 

100 

1 

1 
1 

2 
5 

15 
40 
50 

60 
85 

30 

40 

25 
60 
70 
50 
40 
40 
40 
60 

SO 

60 

80 

90 

100 

90 

120 

90 
90 
85 

140 

For  the  weights  of  the  hills  in  columns  5,  6  and  7,  see  Table  XXXIV. 
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Separation  of  Quartz  and  Epidote  by  Pointed  Tube  and  Sieves. 

Table  XX. — Estimated  Percentage  of  Epidote  in  the  Hills  of 

Plate  XL 


Sieve-mesh. 

l 

2 

3 

4 

5 

6 

7 

8 

'.) 

10 

12 

95 

Kin 
100 
100 

100 
100 

100 

100 
100 
100 
100 
100 
100 
100 
100 

50 
90 
95 
100 
100 
100 
100 
100 
LOO 
100 
100 
100 
100 

loo 

100 

3 

20 

50 

80 

100 

100 

100 

Km 

100 

100 
100 

100 

100 
]00 
100 

14 

I 

40 

70 

97 
100 

100 

100 
100 

101) 

loo 
100 
100 
100 

16 

18 



5 
25 
50 
75 
95 

101) 

100 

100 
100 
100 
100 

100 

20 

24 

10 

50 

70 

95 

100 

loo 

100 
100 

100 

100 

30 

3 

25 

50 

00 

75 

100 

loo 

ion 

100 

:5 
5 

10 

25 

50 
75 
90 
97 
100 

50 
50 
50 
25 
25 
25 
50 
50 
50 

95 

95 

75 
50 
40 
25 

4(1 

50 

Hi) 

80..  .  

100 

120 

140 

For  the  weights  of  the  hills  in  columns  5,  0  and  7,  see  Table  XXXV. 
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Separation  of  Quartz  and  Anthracite  by  Pointed  Tube  and  Sieves. 

Table  XXI. — Estimated  Percentage  oj  Anthracite  in  the  Hills  of 

Plate  XII. 


Sieve-mesh. 

l 

■2 

3 

4 

5 

6 

7            8 

9 

10 

12 

80 
5 
1 

99 
98 
-.id 
65 
45 
5 
2 

100 
100 
100 
100 
100 
100 
50 
4 

100 
100 
100 
100 
100 
100 
100 
50 
5 

100      100 

100      100 

100      100 

100      1O0 

100      100 

100      100 

100      100 

100      100 

95      100 

40      100 

5        95 

4 

14 

16 

18 

•'(i 

24 

30 

40 

100 

100 
100 

100 
100 
100 
100 

1(1(1 

10O 
LOO 
95 
90 
35 

100 

100 

100 

100 

100 

100 

100 

100 

100 

98 

98 

60 

50 

60 

80 

100 

120 

] 

140 

For  the  weights  of  the  hills  in  columns  5,  6  and  7,  see  Table  XXXVI. 
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Separation  of  Slate,  Barite  and  Galena  by  Pointed  Tube  and  Sieves. 

Table  XXII. — Estimated  Percentage  of  Barite  in  the  Hills  of 

Plate  XIII. 


Sieve-mesh.        i 
12 

2 

80 
10 

3 

100 

4 
100 

5 

100 

lim 

100 

100 

99 

90 

25 

6 

50 
98 
Kill 
100 
100 
100 

Ml 

10 

: 

8 

■J       10      11      12 

1, 

14 

15 

it; 

17 

14 

•111  100 

95  100 
50    95 

10    7-") 
.....    50 

5 

50 
95 

10(1 

100 

Kid 
75 
15 

1 

2 

20 

80 

'.15 

100 

L00 

60 

0 

1  .. 

16 

]   

18 

20 

24 

30 

1    40 

50 

60 

80 

1        1  

10       1     . 



45      5      1      1 
90    9o     5      1 

1(10  1(10     '.15        5 

99  loo  l in i    75 

40    '.mi  100    98 

2    25    90  100 

5    (id 

2 

1 

1 

5 

20 

'.10 
'.IS 
si: 
50 

30 

1 
1 
2 
5 

55 

'.IS 
'.is 
5(1 

1 
2 
2 
5 
5 

10 

20 
75 

10 

10 

10 

20 

10 
211 
20 
10 

Kill 

120 

5 

140 
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Separation  of  Quartz  (Sp.  Gr.  2.64)  and  Galena  (Sp.  Gr/7.586)  by  Pulsion-Jig  and 


Sieves. 


Table  XXIII.— Estimated  Percentage  of  Galena  in  the  Hills 
of  Plate  XIV. 


Sieve-mesh. 


12 

14 

16 

18 

20 

24 

30 

40 

50 

60 

80 

100 

120 

140 

Slimes. 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


50 
99 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


2 

50 
90 
100 
100 
100 
100 
100 
100 
100 
100 
100 


o 

95 
100 
100 
100 
100 
100 
100 
100 


5 
50 
100 
100 
100 
100 
100 
100 


3 

5 

90 

100 
100 
100 
100 


1 

3 
40 

00 

80 

100 


10 

10 
60 


10 
15 
15 
15 
10 
10 
5 
50 
40 
40 
50 


For  the  weights  of  the  hills  in  columns  5,  6  and  7,  see  Table  XL. 
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Separation  of  Quartz  (Sp.  Gr.  "2.G4)  and  Sphalerite  (Sp.  Gr.  1.046)  by  Pulsion-Jij 

and  Sieves. 

Table  XXIV. — Estimated  Percentage,  of  Sphalerite  in  the 
Hills  of  Plate  XV. 


Sieve-mesh 

i 

100 
100 

1,1 , 

100 
LOO 
L00 

•J 

3 

1 

5 

6 

7 

V 

9 

in 

12 

14 

16 

is  

•'ii 

"1 

30 

1(1(1 
1(1(1 

100 

1(1(1 

LOO 
LOO 

5 

50 

'.Ml 

100 

1(111 

Kin 
100 



.-,(. 
'.15 

100 
LOO 

40 
15 
50 

10 
4U 

•I 

40 

75 
98 

1 

1 

•20 

511 

1 

5 

1 

40 

H  in 

Km 

LOO 

100 

100 

05 

5(1 

."> 

1 

40 

50 

100 

1,,  , 

100 

Km 

Mi, 

LOO 

•.III 

.-ill 

•J 

4U 

60 

100 

100 

100 

Kki 

Kill 

100 

100 

4(1 

5 

51) 

100 

Kid 

100 

Km 

Kill 

100 

Kin 

lid 

:;n 

75 

in  i 

Km 
L00 

1(10 

Kid 

LOO 

100 

Kin 
Km 

LOO 

100 

100 
100 

100 
100 

75 

inn 

m 

50 

70 
60 

120 

140 

Kin 

KM 

100 

Kin 

100 

100 

100 

100 

50 

50 

100 

10  I 

100 

100 

100 

100 

100 

100 

60 

5(1 

Fur  the  weights  of  the  lulls  m  columns  5.  li  ami  7.  see  Table  XLL 
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Table  XXV.— 

Quartz  and  Copper 

(Plate  I.). 

Sieve. 
Mesh. 

Bulb, 

No.  5. 

Bulb, 

No.  6. 

Bulb, 

No.  7. 

Copper. 
Grammes. 

Quartz, 
Grammes. 

Copper, 
Grammes. 

Quartz, 
Grammes. 

Copper, 
Grammes. 

Quartz, 
Grammes. 

12 

10.7193 
6.3910 
3.1724 
2.5210 
0.1277 
.0476 
.0009 

2.0011 

4.4756 

2.6766 

12.2374 

2.7450 

3.4430 

1.1504 

.0108 

.0002 

14 

.0452 

.0270 

.1236 

.0277 

.0348 

.1278 

.2048 

.2115 

.2851 

2.4554 

12.2217 

9.5750 

2.0052 

16.8152 

.1486 

.2097 

2.3365 

1.7427 

6.3275 

11.2542 

2.0472 

.1947 

.0219 

.0062 

.0224 

16 

18.. 

20... 

24 

30 

40 

50 

60..„... 

80 

100 

120 

140 

Slimes. 

Total... 

.0010 

.0305 

.2008 

.6324 

1.8367 

12.8308 

19.6367 

6.8088 

1.6049 

5.2685 

.0207 

.0147 

.0179 

.1117 

2.2148 

5.4133 

1.1046 

39.3308 

• 

48.8511 

22.9799 

44.1600 

28.7401 

48.2285 

24.3116 

was  obtained,  the  relative  proportions  of  the  two  minerals  were  esti- 
mated by  the  eye,  and  the  total  weight  was  divided  between  them  in 
accordance  with  this  estimate. 

In  order  to  throw  light  upon  the  question  of  interstitial  currents, 
it  was  necessary  to  obtain  the  ratio  of  diameters  for  the  particles  of 
quartz  and  galena,  for  example,  when  the  two  minerals  had  arrived 
at  equilibrium  through  the  action  of  the  upward  current.  The  val- 
ues given  in  Tables  XXV.  to  XXXVI.  for  the  whole  series  of 
minerals  were  used  for  this  purpose. 

The  particles  in  any  given  column  may  be  assumed  to  be  in  equi- 
librium because  the  light  and  heavy  materials  there  drawn  out  to- 
gether have  had  ample  time  to  choose  their  partners. 

The  mode  of  computation  for  any  given  column  or  bulb,  may  be 
shown  by  taking  as  an  example  Plate  II.  6,  and  bulb  No.  5  of 
vol.  xxiv. — 29 
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Table  XXYI— Quartz  and  Galena  (Plate  II.  &.). 


Sieve. 
Mesh. 

Bulb, 

NO.  5. 

Bulb, 

No.  6. 

Bulb, 

No.  7. 

Galena, 
Grammes. 

Quartz, 
Grammes. 

Galena, 
Grammes. 

Quartz, 
Grammes. 

Galena, 

Grammes. 

Quartz, 
Grammes. 

12 

8.281 
11.713 
5.525 
6.412 
0.4273 
0.1306 
0.0129 

0.0880 
1.447 
1.946 
10.582 
4.436 
6.790 
3.268 
0.0570 

14 

16 

0.0943 
0.3535 
0.5507 
3.465 
12.9S2 
5.897 
1 .633 
0.1737 

18 

20 

24 

30 

40.   ... 

50 

60 

80 
100 
120 
140 
Slimes. 

Total... 

0.0339 
0.2403 
1.696 
16.335 
7.705 
0.2278 
0.0580 
0.1310 



0.0485 
0.1170 
4.918 
21.141 
4.523 
2.378 
1.902 

0.1950 
.    2.955 
3.738 
3.382 

25.040 

i 

26.4270 

32.5018 

35.0275 

28.6140 

35.3100 

25.1492 

Table  XXVI.  Here  the  average  diameter  of  the  quartz  particles 
was  obtained  by  multiplying  all  the  quartz-weights  in  column  5  by 
their  diameters,  and  dividing  the  sum  of  the  products  by  the  sum  of 
the  weights.  The  galena  figures  in  column  5,  treated  similarly,  give 
an  average  diameter  for  the  galena  particle.  This  diameter  of  quartz 
is  then  divided  by  the  diameter  of  the  galena.  In  like  manner  com- 
putations were  made  upon  all  of  the  eleven  minerals,  and  these  inter- 
stitial factors  are  given  for  all  the  minerals  except  magnetite  in 
Table  XXXVII. 

Lest  the  proportions  of  the  two  minerals  (equal  volumes)  used  in 
the  pointed-tube  tests  (Plates  I.  to  XII.)  might  have  influenced  the 
results,  a  trial-test  for  comparison  with  Plate  II.  6,  was  made,  using 
a  quantity  of  galena  equal  to  about  one-sixteenth  of  the  volume  of 
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Table  XXVII. —  Quartz  and  Galena  (Ratio  16:1  by  Volume). 


Sieve, 
Mesh. 

Bulb,  No.  4. 

Quartz, 
Grammes. 

Galena, 
Grammes. 

12 

3.598 

3.744 

2.295 

5.791 

1.320 

1.916 

0.880 

0.0336 

0.0017 

14 

16 

18 

20 

24 

30 

0.098 

0.0112 

0.0323 

0.1152 

0.723 

1.409 

0.233 

0.0576 

0.0737 

40 

50 

60 

80 

100 i 

120 

140 

Total 

19.5793 

2.7530 

quartz,  instead  of  equal  volumes  of  the  two  minerals.  The  4th,  5th 
and  6th  bulbs  were  sized,  and  gave  hills  apparently  at  the  same 
points  as  shown  in  Plates  II.  a,  and  II.  b.  To  demonstrate  the 
point  still  further,  weights  and  computations  were  made  upon  the 
4th  bulb  (Table  XXVII.),  and  yielded  the  ratio  of  the  diameter  of 
the  galena  particle  to  that  of  the  quartz, 

1:5.966. 

This  ratio  is  practically  the  same  as  those  given  in  Table  XXXVII. 
for  galena  and  quartz,  and  therefore  demonstrates  that  the  relative 
quantities  of  the  two  minerals  have  nothing  to  do  with  the  law  of 
interstitial  currents.     The  ratio  of  diameter  is  fixed. 

The  foregoing  experiments  show  that,  under  the  conditions  existing 
in  the  pointed  tube,  the  diameter-ratio  of  galena  and  quartz  in  equi- 
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Fig.  6. 
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libriura  together,  when  interstitial  currents  have  done  their  M'hole 
work,  is  about  1  :  6  for  particles  ranging  between  10-mesh  and  100- 
mesh.  They  further  show  that  interstitial  currents  have  a  real 
existence,  and  have  decidedly  advanced  the  ratio  from  the  equal- 
settling  particles  of  the  free-falling  test  which  is 
given  by  Rittinger  as  1:4,  and  which  has  been 
found  in  this  investigation  for  10-  to  12-mesh  quartz 
as  1  :  3.75.  My  tests  do  not,  however,  substantiate 
the  claim  made  by  Prof.  Munroe,  that  galena  and 
quartz  will  not  come  to  equilibrium  in  interstitial 
currents  until  a  ratio  of  1  :  30  for  their  diameters 
has  been  reached. 

One  or  two  interesting  facts  may  be  noted  here, 
although  they  are  one  side  from  the  main  thread  of 
this  paper. 

In  the  first  galena  trial  (Plate  II.  «)  it  was  found 
that  fine  galena  appeared  in  the  first  drawing  below 
30-mesh.  This  may  be  attributed  wholly  to  particles 
abraded  during  the  subsequent  sifting  operation.  To 
test  the  question,  the  galena-quartz  lot  was  mixed  up 
thoroughly  and  run  over  again  (Plate  II.  b) ;  and  this 
time  the  fine  galena,  below  the  main  range  of  galena 
hills  is  much  reduced,  proving  the  conjecture  to  be 
substantially  correct. 

Again,  the  fall-velocities  of  these  different  heaps 
were  taken  in  a  tube,  Fig.  6,  designed  by  C.  Le  Neve 
Foster,  in  which  by  inverting, the  tube  the  measure 
may  be  taken  over  and  over.  The  results  are  here 
given.  They  show  that,  for  example,  on  the  18-mesh 
line,  grains  of  galena  in  Xo.  1  are  faster  than  Xo.  2, 
and  No.  2  than  No.  3;  also  that  the  quartz  Nos.  4,  5, 
6  and  7  fall  in  that  order,  4  being  the  fastest, 
and  7  the  slowest,  4  containing  the  18-mesh  grains 
that  are  nearest  to  a  cube,  and  7  being  the  flat  oyster 
shells  that  fall  much  slower.  Results  of  these  trials 
are  given  in  Table  XXXVIII. 
In  this  test  a  group  of  20  or  30  grains  was  timed.  When  the 
average  grain  passed  the  upper  and  lower  marks  the  time  was 
taken.  The  results  are  therefore  averages.  In  the  light  of  these 
facts  the  remarkable  resemblance  between  these  two  tests  of  galena 
and  quartz  (Plates  II.  a  and  II.  6)  becomes  more  interesting;  for  it 
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Table  XXVIII.—  Q 

uartz  and 

Wolframite  (Plate  III.). 

Sieve, 
Mesh . 

Bulb 

No.  5. 

Bulb, 

No.  6. 

Bulb, 

No.  7. 

Wolframite, 
Grammes. 

Quartz, 
Grammes. 

Wolframite, 
Grammes. 

Quartz, 
Grammes. 

Wolframite, 
Grammes. 

Quartz, 
Grammes. 

12 

5.0224 

8.4741 
5.2412 
9.1827 
1.3058 
1.1077 
0.3766 
0.0392 
0.0455 

0.0723 
0.7525 
1.0360 
7.5598 
3.5209 
8.2641 
6.8S89 
0.8611 
0.1977 
0.0418 
0.2079 

14 

16 

0.0342 
0.2932 
0.3S87 
2.4168 
10.4951 
10.0156 
4.7618 
1.5664 
0.5311 
0.1865 

18 

20 

24 

30 

40 

50 

60 

80 
100 
120 
140. 

S.imes.. 
Total... 

0.0418 
0.2220 
0.8650 
3.7694 
12.1549 
6.8694 
0.3685 
0.0911 
0.0886 

0.0453 
0.0499 
0.3763 
3.9501 
15.6509 
3.2758 
1.4869 
6.1610 

0.0173 
0.069© 
1.5409 
1.7262 
0.7340 
18.2780 

24.4707 

30.7952 

30.9962 

29.4030 

22.3654 

30.6894 

is  probable  that,  with  certain  latitude,  the  particles  of  the  first  test 
found  their  way  back  to  the  same  identical  heap  in  the  second  test. 
This  principle  of  almost  absolute  predestination  of  particles  for  their 
own  appointed  places  in  ore-dressing  is  very  important.  It  was 
mentioned  by  me  in  Chicago  last  summer,  in  discussing  the  paper  of 
Oberbergrath  Bilharz,  under  the  heading  "  Once  Middlings,  Always 
Middlings"  (Trans.,  xxii.,  700). 

It  will  be  noticed  that  the  light  color  of  the  slimes  of  No.  9,  in 
Plates  I.  to  XII.  is  almost  always  marked  when  compared  with  its 
neighbors  on  the  right  and  left  of  it.  This  being  a  truly  sorted 
product,  the  finer  dark  mineral  hides  itself  beneath  the  coarser  light 
mineral.  This  shows  in  all  the  sets  except  copper,  which  had  no 
slimes,  magnetite,  which  had  almost  none,  and  epidote,  the  fine 
powder  of  which  is  extremely  light  colored,  and  of  which  the  10th 
imes  are  therefore  as  light  as  the  9th. 
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Table  XXIX.—  Qi 

mrtz  and 

Antimony  (Plate  IV.). 

SlETE, 

Mesh. 

Bulb, 

No.  5. 

Bulb, 

No.  6. 

Bulb, 

No.  7. 

Antimony, 
Grammes. 

Quartz, 
Grammes. 

Antimony, 
Grammes. 

Quartz, 
Grammes. 

Antimony, 
Grammes. 

Quartz, 

Grammes. 

12 

10.8059 
10.5023 
3.8306 
4.5723 
0.4613 
0.2330 
0.0377 

0.4286 
2.3922 
2.7134 

9.6878 
2.9766 
3.9996 
1.5920 
0.0390 
0.5894 

14 

0.0973 
0.2042 
2.1545 
1.7760 
5.S914 
12.5619 
4.3622 
1.1711 
0.1488 
0.1180 

16 

IS 

20 

24 

30. 

40. 

50 

60 

80 
100 
120 

0.0377 
0.8874 
6.8722 
10.1563 
8.8035 
1.2058 

0.0390 
0.0316 
3.1825 
14.3174 
13.5745 
1.3978 
0.3979 
0.9932 

0.0992 
1.0615 
9.6491 
4.6588 
1.5357 
14.3481 

140 

i 

Slimes.. 

Total... 

27.6629 

30.4431 

33.9339 

24.4186 

31.3524 

28.4854 

The  ultimate  effect  of  an  upward  current  of  water  upon  sands  of 
two  specific  gravities  is  shown  in  Plates  I.  to  XIII.  inclusive.  This, 
then,  is  the  ultimate  equilibrium,  which  is  approached  but  never 
quite  reached  by  the  pulsion-movement  of  a  jig.  The  ideas  con- 
veyed by  these  photographs  may  be  represented  geometrically  by  Fig. 
7,  in  which  each  cone  stands  for  a  column  of  particles  of  a  single 
mineral  species,  as  they  would  be  arranged  in  an  upward  current  of 
water.  The  heaviest  grain  with  the  largest  diameter  is  represented 
by  the  diameter  of  the  base  of  the  cone,  m ;  the  lightest  and  smallest 
is  represented  by  the  apex  of  the  cone,  n.  Two  cones  placed  together, 
as  a  and  6,  represent  two  minerals  of  different  specific  gravity  treated 
together  in  a  pointed  tube.  Their  vertices  will  be  together,  because 
the  finest  dust  of  the  two  will  settle  at  almost  the  same  rate;  that 
is,  with  almost  no  velocity. 

The  largest  particles,  represented  by  the  bases  of  the  two  cones, 


CLOSE   SIZING    BFFORE   JIGGING. 


455 


Table  XXX.—  Q 

uartz  and  Cassiterite 

(Plate  V.). 

Sieve, 
Mesh. 

Bulb, 

No.  5. 

Bulb, 

No.  6. 

Bulb,  No.  7. 

Cassiterite, 
Grammes. 

Quartz, 
Grammes. 

Cassiterite, 
Grammes. 

Quartz, 
Grammes. 

Cassiterite, 
Grammes. 

Quartz, 
Grammes. 

12. 

4.0757 
7.3256 
5.0848 
10.2372 
1.5721 
1.1806 
0.3092 
0.0102 

0.0274 
0.4636 
0.6899 
6.1156 
3.4824 
7.7527 
7.8932 
1.0469 
0.1296 
0.1030 

14.  .. 

16... 

0.0094 
0.2319 
0.3015 
1.6953 
10.8524 
8.7152 
4.8594 
1.8441 
0.7292 
0.8972 

18.... 

20..  . 

24. 

30 

40. 

50 

60 

80 
100. 
120 
140 

Slime?.. 
Total... 

0.0241 
0.2061 
0.3305 
1.2270 
6.6046 
12.2446 
4.3263 
0.3272 
0.0748 
0.1580 

0.0551 
0.0864 
0.9265 
9.3352 

16.2333 

i 

2.3566 
0.6666 
4.6162 

0.0768 
0.3125 
3.5888 
2.4621 
0.7038 
15.6383 

25.5232 

29.7954 

34.2759 

27.7043 

22.7823 

30.1356 
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Table  XXXI. —  Quartz  and  Arsenopyrite  {Plate  VI. 


Sieve, 
Mesh. 

Bulb,  No.  5. 

Bulb,  No.  6. 

Bulb,  No.  7. 

Arseno- 
pyrite, 
Grammes. 

Quartz, 
Grammes. 

Arseno- 
pyrite, 
Grammes. 

Quartz, 
Grammes. 

Arseno- 
pyrite, 
Grammes. 

Quartz, 
Grammes. 

12 

6.3982 
9.0563 
4.8676 
8.2314 
1.2618 
1.3387 
0.1867 
0.0199 

1.0015 
3.2585 
2.1703 
9.3590 
3.1256 
6.2628 
4.6292 
0.3600 
0.0476 

14 

0.1371 
0.2182 
1.4163 

0.9750 

• 

3.5838 
12.0106 
6.6991 
2.7638 
0.9856 
0.5384 

16 
18 

20 
24 
30 
40 
50 
60 

80 

100 

120 

0.0993 
0.3430 
0.0S05 
0.2363 
0.7460 
0.9764 
2.9162 
5.3491 
6.0430 
0.8948 



0.0915 
0.0316 
0.1278 
0.5144 
0.8400 
0.9052 
2.4436 
7.6572 
6.9215 
0.7400 
0.1858 
0.4976 

0.0362  , 

0.2451 

0.7444 

0.9213 

0.8064 

2.1537 

7.7638 

2.5433 

0.9098 

8.7290 

140 

Total... 

17.6846 

31.3606 

20.9592 

30.2145 

24.8530 

29.3279 

will  settle  at  very  different  rates,  and  the  relative  lengths  of  the 
cones  may  be  chosen  to  represent  the  relative  positions  in  the  pointed 
tube  of  the  coarsest  particles  of  each  of  the  two  minerals.  For  ex- 
ample, the  cone,  6,  may  represent  galena,  and  a,  quartz,  as  they  would 
appear  when  in  equilibrium  in  a  pointed  tube.  The  cones,  d  and  e, 
may  represent  quartz  and  arsenopyrite,  and  g  and  h  may  represent 
quartz  and  epidote.  From  these  main  facts  the  conclusion  is  natu- 
ral. The  particle,  c,  of  galena,  which  is  adjacent  to  a  of  quartz,  is 
very  small.  It  is  much  smaller  than  the  interstices  between  the 
quartz  particles,  a.  The  same  relation  holds  between  all  the  adja- 
cent particles  of  cones,  aj  and  cj.  The  particle,  /,  of  arsenopyrite 
is  larger  than  c;  it  is  about  equal  to  the  interstices  between  the  par- 
ticles of  quartz,  d;  and  consequently  all  the  particles  of  arsenopy- 
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T 

able  XXXII. —  Quartz  and  Chalcocite 

{Plate  VII.). 

•    Sieve, 
Mesh. 

Bulb, 

No.  5. 

Bulb, 

No.  6. 

Bulb, 

No.  7. 

Chalcocite, 
Grammes. 

Quartz, 
Grammes. 

Chalcocite, 
Grammes. 

Quartz, 
Grammes. 

Chalcocite, 
Grammes.- 

Quartz, 
Grammes. 

12 

6.4328 
9.4660 
3.8929 
5.6878 
0.6846 
0.2812 
0.0630 

0.3836 
2.2082 
2.1473 
9.8193 
3.3762 
6.8519 
3.2998 
0.4794 
0.0329 

0.0103 
0.0235 
0.0049 
0.0532 
0.0413 
0.1946 
1.6990 
3.0624 
1.8900 
1.7927 
7.2729 
11.3342 
1.7587 
0.7359 
2.7702 

0.0212 
0.0938 
0.0925 
1.0115 
0.7848 
3.6983 
10.6278 
3.0624 
0.6300 
0.0944 

14 

16 

0.0217 
0.0992 
0.0341 
0.0P92 
0.8250 
0.7190 
3.2620 
6.0144 
8.0520 
2.3114 
0.0897 
0.0195 
0.0505 

18 

20 

24 

30 

40. 

50 

60 

80 
1004 
120 

0.0069 
0.1514 
1.1977 
6.1287 
8.8292 
4.9825 
1.5220 
0.0491 

140 

Total... 

22.8675 

26.5083 

21.5677 

28.5986 

32.6438 

20.1167 

rite  in  the  little  cone,//;,  will  bear  the  same  relation  to  the  adjacent 
quartz  particles,  they  all  being  equal  to  the  interstices  in  the  cone, 
dk.  The  particles,  i,  of  epidote  will  be  larger  than  the  interstices 
between  the  quartz  particles,  g,  and  this  relation  will  hold  all  the 
way  up  for  adjacent  particles  in  the  cones,  gl  and  il. 

The  ultimate  result  of  the  pointed  tube,  the  Spitzlutte,  the  Lake 
Superior  separator,  and  of  the  pulsion  action  of  the  jig,  is  to  asso- 
ciate together  particles  of  the  two  minerals  that  are  to  be  separated, 
in  which  the  ratio  of  the  grains  lies  in  one  of  these  three  classes: 

1.  The  lesser,  higher  specific  gravity  grain  is  smaller  than  the 
quartz  interstices. 

2.  The  lesser,  higher  specific  gravity  grain  is  equal  to  the  quartz 
interstices. 

3.  The  lesser,  higher  specific  gravity  grain  is  greater  than  the 
quartz  interstices. 
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Table  XXXIII.— Quartz  and  Pyrrhotite  {Plate  IX.). 


Sieve, 
Mesh. 

Bulb, 

No.  4. 

Bulb, 

No.  5. 

Bulb, 

No.  6. 

Pyrrhotite, 

Grammes. 

Quartz, 
Grammes. 

Pyrrhotite, 
Grammes. 

Quartz, 
Grammes. 

Pyrrhotite, 
Grammes. 

Quartz, 
Grammes.   1 

12 

12.9000 
8.4606 
2.3944 
2.1317 
0.3483 
0.1478 
0.1950 

2.8578 

5.6642    ! 

3.5878 

8.2714 

1.0969 

2.4115 

1.8550 

0.0917 

0.1936 
0.6740 
0.6461 
4.2311 
2.3082 
5.5242 
7.4467 
1.6844 

14 
16 

18 
20. 
24. 
30 
40 
50. 
60 
80 

0.0854 
0.0489 
0.7106 
0.3483 
1.3307 
9.5668 
6.9965 
3.3025 
0.5011 

0.0362 
0.0S36 
0.0111 
0.2680 
1.8550 
4.4928 
5.5675 
3.8000 
1.2862 

0.0233 

0.0558 
0.8274 
1.6844 
2.6784 
5.0036 
8.5450 
4.9831 
0.4192 
0.1300 
0.1617 
24.5119 

0.2976 

0.1021 


100 

120 

1-10 

Total... 

17.4004 

25.8363 



23.1080 

22.8908 

26.5778 

These  laws  are  important,  and  should  be  recognized  and  duly 
considered  when  mills  are  planned. 

III. — Acceleration. 

Rittinger,  having  found  that  jigs  save  galena  of  smaller  sizes  than 
his  formula  of  1866  allows,  worked  out  in  his  appendix  of  1870  the 
theory  of  acceleration  to  account  for  that  fact,  showing  that  a  par- 
ticle of  galena  which  is  equal-settling  with  a  particle  of  quartz 
reaches  its  maximum  velocity  in  perhaps  one-tenth  the  time  required 
by  the  quartz.  The  oft-repeated  pulsations  of  a  jig  give  the  galena 
particles  a  decided  advantage  over  the  quartz,  placing  beside  the 
quartz,  when  equilibrium  is  reached,  a  much  smaller  particle  of 
galena  than  we  should  expect  according  to  the  law  of  equal-settling 
particles.     He  concludes  that  the  excess  of  jigging-power  over  that 
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Table  XXXIV.—  Quartz  and  Sphalerite  (Plate  X.). 


Sieve, 
Mesh. 

Bulb, 

No.  5. 

Bulb, 

No.  6. 

Bulb, 

No.  7. 

Sphalerite, 
Grammes. 

Quartz. 
Grammes. 

Sphalerite, 
Grammes. 

Quartz, 
Grammes.    | 

Sphalerite, 
Grammes. 

Quartz, 
Grammes. 

12 

3.4518 

4.4504 
3.1366 
8.7064 
2.6426 
3.5302 
2.6226 
0.1293 

0.1900 
0.5707     ! 
0.4898 
3.9642 
1.8967 
6.5786 
10.0720 
2.7952 
0.6575 
0.0569 

14.  ... 

16. 

18 

0.0922 
0.1643 
0.9541 
6.1078 
8.0019 
5.3187 
3.1622 
2.1339 
0.3373 

20 
24 
30.  , 
40 
50. 
GO 
80 
100 

0.0539 
0.3923 
2.6226 
6.3358 
4.6660 
1.5942 
0.3894 

0.0665 
0.1017 
2.7952 
5.9173 
5.6285 
3.7332 
0.6867 

0.1247 
0.4212 

1.3300 
3.1622 
6.4017 
6.4078 
0.6962 
0.2921 
0.8976 

• 

120 

140 

Total... 

16.0542 

28.6699 

18.9291 

27.2716 

19.7335 

26.2724 

indicated  by  the  law  of  equal-settling  particles  is  due  to  acceleration. 
Unfortunately,  he  has  not  given  a  ratio  of  diameters  of  quartz  and 
galena,  which  represents  equilibrium  with  regard  to  acceleration. 

To  test  this  question  of  acceleration,  I  have  designed  a  pulsion- 
jig  or  modified  Setzpumpe,  which  is  shown  in  Fig.  8.  It  consists 
of  a  tin  funnel,  a,  with  overflow,  6,  connected  by  rubber  connector, 
c,  to  a  glass  tube,  d,  cut  apart  at  h  for  the  insertion  of  a  disk  of  sieve- 
cloth.  The  two  parts  are  held  together  by  two  clamps,  e  and/,  and 
two  bolts,  g,  g,  and  the  leaky  joint,  at  h,  is  made  tight  by  a  belt  of 
rubber  plaster.  The  tube  has  a  branch,  k,  joined  by  rubber  connector, 
o,  to  a  common  plug-cock,  p,  provided  with  a  gear-wheel,  q,  which 
intermeshes  with  a  larger  gear,  r,  having  a  crank,  s,  turned  by  hand. 
Water  is  supplied  through  the  rubber  hose,  t,  and  the  hydrant,  u. 
The  lower  end  of  the  tube  is  drawn  down  to  one-quarter  inch  in 
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Pulsion-Jig. 

diameter  at  /,  and  by  rubber  connector,  m,  is  joined  to  a  bulb,  n,  for 
receiving  what  passes  through  the  sieve. 
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Table  XXXV. —  Quartz  and  Epidote  (Plate  XI.). 

Sieve, 
Mesh. 

Bulb, 

No.  5. 

Bulb, 

No.  6. 

Bulb, 

No.  7. 

Epidote, 
Grammes. 

Quartz, 
Grammes. 

Epidote, 
Grammes. 

Quartz, 
Grammes. 

Epidote, 
Grammes. 

Quartz, 
Grammes. 

12 

1.1376 
2.6366 
2.1569 
8.4234 
2.3020 
2.7109 
2.9161 
0.2645 

0.0858 
0.4537 
0.4406 
3.3701 
2.1856 
5.3501 
6.1561 
2.5062 
0.2632 

14 

16.... 

18 
20. 
24 
30 
40 
50 
60 
80 
100 

0.4433 
0.7673 
2.7109 
8.7481 
5.0263 
1.6755 
0.4066 
0.0816 

0.1179 
0.1693 
0.8444 
6.9373 
6.4429 
4.6980 
2.7382 
1 .6886 

0.5945 
6.1561 

5.8478 
5.0005 
1.9449 
0.4786 

0.2146 
2.1476 
4.6980 
4.1074 
5.0657 
2.2078 
0.1084 

120 

140 

Total... 

19.8596 

22.5480 

20.0224 

20.8114 

18.5495 

23.6366 

The  method  of  operating  this  pulsion-jig  is  simply  to  turn  on 
the  water  gently  at  u,  and  revolve  the  crank,  s,  at  the  speed  desired. 
The  revolution  of  the  plug-cock,  p,  makes  and  breaks  the  water- 
connection,  and  the  rubber  tube,  t,  is  elastic  enough  to  act  as  an 
accumulator  for  the  instant  that  the  water  is  shut  off.  The  sand  fed 
in  at  the  funnel,  a,  quickly  falls  to  the  sieve,  h,  and  then  receives  a 
series  of  intermittent  upward  pulsaticfns  from  the  movement  of  the 
water.  The  sand  is  therefore  subjected  to  an  upward  current  of 
water  at  one  instant,  which  remains  stagnant  the  next  instant. 
These  pulsations  may  be  given  at  almost  any  rate  up  to  800  per 
minute. 

•  This  instrument  seems  well  calculated  to  answer  the  question. 
Does  Rittinger's  acceleration,  due  to  intermittent  upward  pulsations, 
add  anything  to  the  effect  of  Munroe's  interstitial  currents? 
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Table  XXXVI.— Q 

mrtz  and  Anthracite 

{Plate  XII.). 

Sieve, 

Mesh. 

Bl'LB, 

No.  6. 

Bulb, 

No.  7. 

Bulb, 

No.  8. 

Quartz, 
Grammes. 

Anthracite, 
Grammes. 

Quartz, 
Grammes. 

Anthracite, 
Grammes. 

Quartz, 
Grammes. 

Anthracite, 
Grammes. 

12 

2.5000 
2.7538 
2.0190 
4.6107 
0.8121 
1.2677 
0.4710 
0.0504 
0.0164 

0.0732 
0.4072 

0.4.-,:,  1 
1.7692 
1.2981 
3.0468 
2.8781 
,    0.6647 
0.2118 
0.1 06S 
0.0743 

0.0022 

0.0133    I 

0.0296 

0.4063 

0.3932 

1.6826 

5.3864 

3.6871 

1.9739 

0.8904 

0.5186 

0.0460 

0.0056 

14 

16 

18 

20 

24 

30 

40 
50. 
60... 

80 
100 
120 
140 

Slimes.. 
Total... 

0.0504 
0.3122 
0.9343 
3.0169 

2.2728 
0.1S62 
0.0534 
0.0942 



0.0112 
0.1603 
1.4114 
1.1505 
0.5641 
0.2224 
L8673 

0.0273 
1.1045 
0.5585 
0.2224 
3.9229 





6.9204 

14.5011 

5.3872 

10.9856 

5.8356 

15.0352 

Two  tests  were  made  with  the  pulsion-jig,  one  upon  galena  and 
one  upon  sphalerite,  each  paired  with  quartz. 

For  convenience,  when  in  use,  the  sieve  was  removed.  This  per- 
mitted the  products  to  be  drawn  off  by  the  bulb  in  series,  exactly  as 
they  were  in  the  pointed-tube  test,  and  the  bulbs  so  drawn  off  were 
sized,  and  the  different  little  hills  were  laid  out  and  photographed 
as  before  (Plates  XIV.  and  XV.). 

The  ratio  for  three  columns  of  hills,  computed  by  the  method 
adopted  for  the  pointed  tube,  yielded  for  the  two  minerals  treated, 
namely,  galena  and  sphalerite,  the  figures  shown  in  Table  XXXIX. 

If  now  we  compare  these  ratios  of  Table  XXXIX.  with  those 
obtained  by  the  pointed  tube  (Table  XXXVII.),  we  see  that  nothing 
whatever  has  been  gained  by  adding  acceleration  to  interstitial 
currents.    But  since  acceleration  must  logically  produce  some  result, 
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Table  XXXVII. — Interstitial  Factors,  or  Multipliers  for  Obtaining 
the  Diameter  of  the  Particle  of  Quartz  which  in  the  Pointed  Tube 
will  be  in  Equilibrium  with  the  Mineral  Specified. 


Quartz  and 

Ratio  of  the  Diameter  of  the  Heavier  to  that  of 
the  Lighter  Mineral. 

Column  4. 

Column  5. 

Column  6. 

Column  7. 

Column  8. 



8.373 
6.325 
4.924 
4.816 
4.944 
3.847 
3.464 
2.795 
2.308 
1.702 

7.791 
5.656 
5. 381 
4.932 
4.713 
3.747 
3.246 
2.988 
2.030 
1.610 
5.540 

9.629 
5.544 
5.161 
4.942 
4.436 
3.617 
2.636 

Wol  framite 

2.640 

• 

2.042 
1.571 
5.569 

5.724 

there  should  be  some  explanation  of  its  apparent  failure  here.  It 
is  quite  possible  that  this  is  a  case  of  "  parallelism,"  just  as  if  two 
cells  of  a  battery  be  placed  side  by  side  in  multiple  arc  nothing  is 
gained  in  volts,  or,  as  two  horses  harnessed  side  by  side  are  no 
faster  than  one  horse. 

Tables  XL.  and  XLI.  give  the  weights  of  the  hills  in  three  col- 
umns each  of  Plates  XIV.  and  XV.,  from  which  the  computations 
in  Table  XXXIX.  were  made. 


IV. — Suction. 

This  law  of  jigging  has  not  received  the  attention  which  it  de- 
serves. Munroe  says  of  it,  that  suction  appears  to  be  necessary  for 
jigging  through  a  bed.  Hoppe  says  that  suction  is  very  necessary 
to  jigging,  and  that  he  has  in  progress  an  investigation  of  it. 

In  order  to  test  the  limits  of  the  law  of  suction,  I  have  designed 
a  little  movable  sieve-jig,  shown  in  Fig.  9,  which  gives  a  very  per- 
fect jigging-action.  It  consists  of  a  glass  tube,  a,  a,  a,  a,  5  inches 
long  and  14;  inches  in  bore,  which  is  cut  at  t,  t,  into  two  parts,  4  inches 
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and  1  inch  long  respectively — the  4  inches  being  above  the  sieve; 
a  disk  of  sieve-cloth,  t,  t,  is  inserted  between  them  ;  the  parts  are 
held  together  b)T  the  wooden  bars,  6,6,  and  the  bolts,  e,e,  with  nuts,  d,d. 


Fig.   9. 
k 


Q 
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/     rrV. 
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rrn  &    rrn 


a 


"V 


L 

Movable-sieve  jig. 


1 

_ 




Power  is  transmitted  through  the  rod  hu,  the  beam,  j,  oscillat- 
ing upon  a  pivot,  k,  a  connecting-rod,  I,  a  small  pulley,  m,  with 
crank-pin,  a  belt,  ?i,and  a  large  pulley,  o,  driven  by  a  crank,  p.  The 
cross-bar,  /',  and  the  lock-nuts,  g,  g,  are  used  simply  to  stiffen  the 
rod,  u.     The  jig  is  suspended  in  a  glass  jar,  s,  with  water-level  at  r. 
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Table   XXXVIII.—  Galena   and    Quartz   Hills  of   Plate   11.  b, 
Tested  with  the  Free-jailing  Tube  {Fig.  6)  for  Fall-velocities. 


Sieve. 
Mesh. 

Series  of  Bulbs  Drawn  from  Pointed  Tube. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Velocity  in  Inches  per  Second  (Mean  of  4  Determinations). 

On  12... 

14... 
16... 
18... 
20... 
24... 
30... 
40... 
50... 

15.36 
13.24 
13.24 

11.46 
11.13 
10.52 

9.48 
6.678 

14.22 
13.01 
12.39 
11.81 
10.97 
10.24 
9.142 
7.110 
6.399 

6.62 
6.295 
5.446 
5.333 

6.192 
6.192 
5.774 
5.019 
4.544 
4.196 

6.047 

5.687 

5.224 

4.  SO 

4.266 

4.00 

3.821 

4.291 

4.266 

4.412 

4.062 

3.8975 

3.412 

2.898 

2.377 

1.882 

9.6 

8.257 

9.72 

7.603 

6.562 

5.774 

4.86 

4.314 

3.413 

5.731 

2.666 
2.151 
1.714 
1.326 
1.046 

4.314 

3.692 

3.491 

3.00 

2.603 

1.969 

1.506 

1.196 

0.8438 

0.5253 

0.4757 

60... 

4.86 

3.443 
3.011 

2.493 
2.40 
1.846 
1.691 

80... 

100... 

3.00 

2.121 
2.453 
1.740 

120... 

140... 

By  turning  the  crank,  p,  an  oscillating  motion  up  and  down  is  given 
to  /,  received  by  u,  and  transmitted  to  the  jig-sieve,  t,  t.  The  amount 
of  oscillation  may  be  controlled  by  connecting  uwithj,  by  means  of 
any  of  the  holes,  i.  The  smallest  oscillation  was  ^-inch,  the  largest 
f-inch.     The  latter  was  preferred  for  the  tests. 

The  effects  of  pulsion  and  suction  were  studied  in  three  different 
combinations,  namely,  full  pulsion  with  much,  with  little,  and  with 
no  suction. 

1.  Full  Pulsion  with  much  Suction. — When  the  jig  (Fig.  9)  is  run 
with  the  glass  tube  elevated  1 J  inches  above  the  surface  of  the  water 
at  the  lowest  point  of  its  stroke,  the  jig  operates  during  the  first  few 
pulsations  as  a  lift-pump,  elevating  the  surface  of  the  water  within 
its  tube  until  the  inside  water-level  is,  perhaps,  one  inch  above  the 
outside  level,  the  sand-particles  acting  like  so  many  little  valves. 
Thus,  it  reaches  equilibrium  ;  and,  from  this  time  on,  the  suction 
due  to  the  downward  rush  of  water  must  be  equal  to  the  pulsion  due 

VOL.  XXIV. — 30 
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Table  XXXIX. — Acceleration  Factors,  or  Multipliers  for  Obtain- 
ing the  Diameter  of  the  Particle  of  Quartz,  which,  in  the  Pulsion- Jig, 
will  be  in  Equilibrium  with  the  Mineral  Specified. 


Quartz  with 

Ratio  of  Average  Quartz  Diameter  to  Average 
Mineral  Diameter. 

Column  5. 

Column  6. 

Column  7. 

7.161 
2.091 

6.103 
2.148 

•1.(174 
1.972 

to  the  upward  rush  of  water.  The  bed  of  this  jig  is  tight  and  only 
slightly  mobile.  The  strong  suction  compacts  it  mure  or  less.  Mo- 
bility may  be  restored  by  using  a  long  stroke. 


Table  XL. — Quartz  and  Galena  by  Pulsion- 

Jig  [Plate  XIV.)- 

Sieve. 

Mesh. 

Bulb, 

No.  5. 

Bulb, 

No.  6. 

Bulb, 

Xo.  7. 

Galena, 
Grammes. 

Quartz, 
Grammes. 

Galena, 
Grammes. 

Quartz, 
Grammes. 

Galena, 
Grammes. 

Quartz, 
Grammes. 

12 

14.1593 
6.9501 
2.7127 
3.6445 
0.5471 
0.2946 
0.0430 
0.0020    ' 



4.7280 
5.5411 
2.6621 
8.7326 
2.2216 
4.146S 
3.1682 
0.3059 
0.0189 

0.0512 
0.5227 
0.4019 
3.1527 
2.0265 
5.3038 
11.0832 
4.6484 
1.6818 
0.2582 
0.0354 

14 

16 

18 

20 

24 

30 

40 

50 

60 

80 
100 
120 
140 
Slimes.. 

Total.. 

0.0023 
0.0378 
0.1887 
1.3844 
11.4166 
8.7252 
0.3900 
0.0487 
0.0382 

0.0161 
0.0189 
0.1124 
2.5483 
9.9107 
1.1889 
0.3558 
0.5548 

0.0520 

0.0136 
0.3189 

5.9146 
2.275:1, 
0.9300 
3.2828 



22.2319 

28.3533 

14.7059 

31.5252 

12.7872 

2'.  M658 

2.  Full  Pulsion  with  Little  Suction. — When  the  jig  is  run  with  the 
glass  tube  inundated  to  a  depth  of  £-inch  below  the  surface  of  the 
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Table  XLI. —  Quartz  and 

Sphalerite  by  Pulsion- Jig  (Plate  XV.). 

Sieve. 
Mesh. 

Bulb, 

No.  5. 

Bulb, 

No.  6. 

Bulb,  No.  7. 

Sphalerite, 
Grammes. 

Quartz, 
Grammes. 

Sphalerite, 
Grammes. 

Quartz, 
Grammes. 

Sphalerite, 
Grammes. 

Quartz. 
Grammes. 

12 

5.1771 
7.3021 
2.5224 
5.4855 
0.8149 
0.9083 
0.2023 

0.9170 
2.7287 
2.0799 
8.0078 
2.4345 
3.3234 
4.2891 
0.3597 

0.0533 
0.2564 
0.3592 

2.8745 
1.9888 
5.8787 
9.4620 
3.5382 
0.6601 

14 

16 

18 
20 
24 
30 
40 
50 
60 
80 

0.2887 
0.5432 
2.7250 
9.9139 
3.5496 
0.7999 
0.1484 

0.0S09 
0.0246 
0.8308 
4.2891 
6.8335 
3.5911 
1.3368 
0.3341 

0.0594 
0.4980 
3.5382 
5.9406 
4.0482 
1.8364 
0.0969 



100 

120 

140.... 

Total.. 

17.9687 

22.4126 

17.3209 

24.1401 

16.0177 

25.0712 

water  at  the  lowest  point  in  its  stroke,  then,  during  the  downward 
movement  of  the  sieve,  a  fall  pulsion  movement  is  given  to  the  water 
as  it  passes  up  through  the  sieve,  and  the  sand  settles  through  it. 
But,  on  the  upward  movement,  the  sand  settles  in  the  sieve,  and 
comparatively  little  suction  results,  from  the  inertia  of  the  water. 
The  reason  is,  that  there  is  a  free  discharge  of  the  water  at  the  top 
of  the  glass  tube.  Here,  we  have  full  pulsion  with  little  suction.  The 
bed  of  this  jig  is  loose,  and  very  mobile.  There  is  not  enough  suc- 
tion to  compact  it.     A  shorter  stroke  here  suffices  for  mobility. 

3. — Full  Pulsion  with  no  Suction. — When  the  pulsion-jig  (Fig.  8) 
is  used  upon  mixed  sands,  it  matters  not  whether  we  revolve  the  cock 
rapidly,  giving  rapid,  small  pulsations  with  short  intervals  of  repose, 
or,  more  slowly,  giving  fewer  and  stronger  pulsations  with  longer 
periods  of  repose — the  result  is  the  same.  The  sands  are  treated 
by  pulsion  without  suction.  The  bed  of  this  jig  is  extremely  loose 
and  mobile,  there  being  no  suction  to  compact  it. 
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In  all  the  tests  upon  jigging  now  to  be  described,  unless  otherwise 
stated,  the  stroke  of  the  jig  was  f-inchj  the  layer  of  quartz  was  2 
inches  thick  ;  the  layer  of  the  added  mineral  to  be  separated  from 
the  quartz,  was  -j^-inch  dee]),  and  placed  on  top  of  the  quartz.  When 
the  jig  is  said  to  be  "elevated,"  the  top  of  the  glass  is  1|  inches 
above  the  water  at  the  lowest  point  of  the  stroke;  and  when  the 
jig  is  said  to  be  "inundated,"  the  top  of  the  tube  is  |-inch  below 
the  surface  of  the  water  at  the  lowest  point  in  the  stroke.  A  16-mesh 
sieve  was  used  in  the  jig  throughout  the  tests. 

The  first  seizes  of  tests  was  made  with  quartz  and  galena  to  note 
the  behavior  of  different  sizes  of  galena  with  a  single  standard  size 
of  quartz.  For  this  purpose  the  two  minerals  were  jigged  together 
as  follows : 

Quartz,  in  all  cases,  through  10-  and  on  12-mesh;  average  diam- 
eter, 0.0683  inch. 


Galena. 

Tests  1,  2 
and  3. 

4,  5  and  6. 

7,  8  and  9. 

10,  11  and 

112. 

13,  14  and 

15. 

16,  17  and 
18. 

Thrpugh  (meshes  \ 
per  inch).             / 

On  (meshes  per  inch). 
Average  diameter — 

10 
12 

0.0683 

1G 

18 

0.0429 

24 
30 

0.0262 

30 
40 

0.0195 

60 
80 

0.0095 

140 
0.0042 

Each  pair  was  treated  with  much  suction,  with  little  suction,  and 
with  no  suction. 

The  results  are  given  in  Table  XLII. ;  and  the  following  con- 
clusions as  to  the  behavior  of  quartz  and  galena  are  indicated: 

Light  suction  is  more  rapid  than  heavy  suction  (tests  1  and  2) ;  no 
suction  is  more  rapid  than  light  suction  (tests  2  and  3).  Where  the 
galena  is  fine,  much  suction  is  rapid,  but  no  suction  is  also  rapid 
(tests  10,  11,  and  12)  until  60-  to  80-mesh  is  reached  (test  15),  where 
galena  is  in  equilibrium  with  the  quartz.  With  heavy  suction  there 
is  an  interesting  maximum  reached  at  .0262-diameter  galena  (test 
7).  Here  the  galena  is  too  fine  for  equal-settliiiLC  particles  to  help  it 
much,  and  it  is  too  coarse  to  be  sucked  down  in  the  interstices  of  the 
quartz,  hence  its  slow  action.  Compare  it  with  .0195-diameter  galena 
(test  10),  which  is  small  enough  to  be  sucked  down  in  the  interstices. 
Here  heavy  suction  brings  quite  a  rapid  separation. 

The  second  series  of  tests  was  made  upon  quartz  and  sphalerite 
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(blende),  put  together  in  pairs  as  in  the  experiments  just  described. 
The  diameters  were  the  same  as  those  given  above  for  the  similar 
tests  with  galena. 

The  results  are  given  in  Table  XLIII.;  and  the  following  con- 
clusions as  to  the  behavior  of  quartz  and  sphalerite  are  indicated  : 

When  the  quartz  and  sphalerite  are  of  the  same  size,  light  suction  is 
far  more  rapid  in  its  action  than  heavy  suction  (tests  19  and  20),  and 
no  suction  is  most  rapid  of  all  (test  21).  As  the  discrepancy  in  size 
increases,  heavy  suction  gains  slightly  and  light  suction  loses  ground 
slightly  (tests  22  and  23,  also  25  and  26).  No  suction  breaks  down 
entirely  in  test  27;  equilibrium  is  here  reached.  When,  however, 
.0195-diameter  sphalerite  is  reached,  there  comes  a  complete  reversal ; 
the  heavy  suction  gives  a  rapid  result  (test  28),  and  the  light  suction 
is  quite  slow  (test  29).  No  suction  was  not  tried  because  the  up- 
ward current  in  the  previous  experiment  was  too  much  for  a  larger- 
sized  sphalerite.  From  this  down  the  heavy  suction  is  rapid  (tests 
31  and  34),  while  the  light  suction  grows  weaker  in  each  number 
of  the  series  towards  the  lower  end  (tests  29,  32,  and  35),  where 
the  rate  of  jigging  had  to  be  diminished  in  order  to  lessen  the  up- 
ward current  before  the  sphalerite  would  go  through  the  sieve  at 
all  (see  test  32  for  example). 

We  seem,  here,  to  a  more  marked  degree  than  with  galena,  to  have 
the  measure  of  the  size  of  the  interstices  in  the  quartz  of  10-  to  12- 
mesh  or  .0683-inch  diameter,  for  the  sphalerite  through  24  on  30- 
mesh  (=  .0262  diameter)  is  settled  only  with  extreme  difficulty 
according  to  the  laws  of  equal-settling  particles  and  interstitial  cur- 
rents, while  sphalerite  of  30-  to  40-mesh  (=  .0195  diameter)  is  drawn 
down  with  great  rapidity  by  suction.  AVe  may  assume,  therefore, 
that  this  size  is  the  coarsest  that  can  move  freely  in  the  interstices  of 
quartz  of  10-  to  12-mesh  size. 

The  third  series  of  tests  was  made  upon  quartz  in  large  grains,  with 
quartz  in  small  grains,  to  determine  the  effects  of  suction  and  pul- 
sion. For  this  purpose,  the  two  kinds  were  jigged  by  pairs,  as  fol- 
lows (the  results  are  given  in  Table  XLIV.). 

Quartz  passing  through  10-mesh  and  resting  on  12-mesh  sieve 
(average  diameter,  0.0683  inch)  was  jigged  with  quartz  of  the  fol- 
lowing sizes : 


Test  No. 


37,  38. 
39,  40. 
41,  42. 
43,  44. 


Through 
Mesh. 


On 

Mesh. 


24 
30 
60 

140 


30 
40 
80 


Diameter  in  Inches. 


0.0262 
0.0195 
0.0095 
0.0042 
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We  conclude  with  regard  to  quartz  of  different  sizes,  that  strong 
suction  can  draw  down  small  grains  of  quartz  through  the  interstices 
between  large  grains  of  quartz  (tests  39,  41  and  43),  and  if  there  is 
no  intercepting  heavy  mineral  layer  below,  these  small  particles  will 
go  through  the  sieve.  Light  suction,  with  excess  of  pulsion,  cannot 
draw  small  quartz  down  (tests  40  and  42)  so  long  as  the  jig  is  really 
working.  When,  however,  the  pulsions  are  so  slow  as  not  to  move 
the  coarse  quartz  (test  42),  then  suction  equals  pulsion  and  sifting 
takes  place.  Strong  pulsion  with  no  suction  cannot  draw  down  fine 
quartz  through  the  interstices  of  10-  to  12-mesh  quartz  under  any 
circumstances.  The  quartz  will  always  be  graded  by  size;  the 
coarser  below,  the  finer  above,  as  in  the  pointed  tube. 

The  fourth  series  of  tests  comprised  the  jigging  of  mixed  sizes  upon 
a  number  of  minerals  ranging  from  copper,  at  the  heavy  end  of  the 
series,  to  anthracite,  at  the  light  end.  Each  mineral  was  mixed  with 
quartz  in  approximately  equal  quantity  by  volume,  and  the  sizes  in 
all  cases  were  from  10-mesh  to  dust.  The  pairs  were  composed  of 
quartz,  with  copper,  galena,  antimony,  arsenopyrite,  chalcocite,  mag- 
netite, pyrrhotite,  sphalerite,  epidote,  and  anthracite,  respectively. 
The  results  are  given  in  Table  XLV.  To  aid  in  interpreting  these 
results,  the  skimmings  or  tailings  from  each  of  the  tests  were  sifted 
upon  the  nest  of  sieves ;  each  size  was  spread  out  upon  a  sheet  of 
paper,  and  the  quantity  of  the  heavy  mineral  in  it  was  estimated  by 
the  eye,  as  per  cent,  by  volume  or  number  of  grains  in  one  hundred 
grains.  The  results  of  this  sifting  and  valuing  process  are  given  in 
Tables  XLVL,  XLVII.  and  XLVIII. 

As  a  means  of  comparing  quickly  the  final  results  of  these  jig— 
ging-tests,  the  phrase  "5  per  cent,  in  the  tails  reached  up  to  ...  . 
mesh"  is  used.  The  figures  inserted  in  the  blank  are  taken  from 
Tables  XLVL,  XLVIL,  and  XLVIIL,  and  will  be  seen  to  give 
a  quick  and  fairly  good  summing-up  of  the  tests. 

The  conclusions  as  to  the  jigging  of  mixed  sizes  are  as  follows : 

In  the  elevated  (heavy  suction)  tests,  the  tailings  retrograde  rap- 
idly from  copper  towards  arsenopyrite.  From  arsenopyrite  on,  they 
retrograde  but  little.     (See  Table  XLVL) 

Again,  in  the  inundated  (light-suction)  tests,  beginning  with  cop- 
per, the  quality  of  the  tailings  of  each  mineral  is  much  poorer  than 
that  of  the  mineral  next  preceding  it,  until  arsenopyrite  is  reached. 
Here  again,  there  is  a  change — the  tailings  of  arsenopyrite  are  much 
worse  than  those  of  antimony,  and  but  little  better  than  those  of  its 
lighter  neighbors  to  the  right. 
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Table  XLIV. — Jig-Tests  of  Coarser  and  Finer  Quartz. 


Test  37. 

Quartz  of  diameter,  .0683. 
Quartz  «         .0262. 

Jig  elevated. 


Notes. 

0     Fine  quartz  all  on  top. 
0 

0     A  little  down  \  in. 
1  in. 

The  great  variation  in  speed  effected 
little. 


Time, 

Pulsa- 

Per 

Sec. 

tions, 

cent. 

60 

265 

0 

120 

628 

0 

180 

1177 

0 

240 

1952 

0 

Test  39. 

Quartz  of  diameter,  .0683. 
Quartz  «  .0195. 

Jig  elevated,  f- in. -stroke. 

Time,  Pulsa 
Sec.    tions. 

60 

120 


180 


Notes. 
292    No  sifting,  all  fine  quartz  on  top. 

744{R^Pid  .iigging»  t0P  layer 
\    disappeared,  sifting  began. 

gug  f  Slow  jigging  sent  the  fine 
\    grains  back  up  to  the  top. 


Test  41. 

Quartz  of  diameter,  .0683. 
Quartz  «         .0095. 

Jig  elevated. 


Time,  Pulsa- 
Sec.    tions. 


5 

60 
120 


22 
266 
536 


Notes. 

Began  sifting. 
Sifting  freely. 
Ail  sifted. 


Test  43. 

Quartz  of  diameter,  .0683. 
Quartz  «  .0042. 

Jig  elevated. 

Time,  Pulsa- 
Sec.    tions.  Notes. 

!Fine  quartz  all  sifted  ex- 
cept a  little  muddy 
water. 


Test  38. 

Quartz  of  diameter,  .06S3. 
Quartz  «         .0262. 

Jig  inundated. 
Not  tried. 


Test  40. 


Quartz  of  diameter, 

.0683. 

Quartz 

« 

.0195. 

Jig' 

nundated. 

Time, 

Pulsa- 

Sec. 

tions. 

Notes. 

60 

496 

Fast,  sent  all  line  quartz  to 

top. 

120 

775 

Slower, 

<«                            H 

180 

997 

« 

«                            II 

240 

1179 

Test  42. 

Quartz  of  diameter,  .0683. 
Quartz  "  .0095. 

Jig  inundated. 


Time, 
Sec. 

60 
120 

180 

240 


300 


Notes. 

Fast  jigging,  all  fine  quartz  on  top. 
Slower         "  " 


Pulsa- 
tions. 

399 
696 
935 

1140  f  Slower,  15  per  cent,  sifted, 
\      no  pumping  motion. 

{Slower,  30  per  cent,  sifted, 
no  pumping  motion,  fine 
quartz  on  top. 


Test  44. 

Quartz  of  diameter,  .0683. 
Quartz  "         .0042. 

Jig  inundated. 

Time,  Pulsa- 
Sec.    tions.  Notes. 


19 


,q      f  Coarsest  of    fine  quartz 
1     sifted,  finest  lifted. 
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Table  XL VI. — Percentage   of  Heavy  Mineral  in   Tails,  in   Tests 
with  Jig  Elevated.     Much  Suction. 
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For  testing  the  pulsion-jig,  the  corresponding  values  were  obtained 
by  assuming  that  the  pulsion-jig  and  the  pointed  tube  have  practi- 
cally the  same  effect.  This  has  been  proved  at  two  ends  of  the 
series  (compare  Plate  XIV.  with  Plate  II.  b,  and  Plate  XV.  with 
Plate  X. ;  also,  the  tables  of  figures  which  correspond). 

On  this  assumption,  we  take,  for  example,  Plate  II. b.  Clearly, 
bulbs  Nos.  1,  2,  and  3,  form  the  heads  of  jigging,  and  bulbs  Nos.  4, 
5,  6,  7,  8,  9,  and  10,  form  the  tails.  We  estimate  the  percentage  of 
galena  in  these  different  sizes  of  the  tailings.  There  is  no  galena  in 
12-,  14-,  16-,  18-,  20-,  and  24-mesh  grains.  From  oO-mesh  down, 
my  estimate  is  given  in  Table  XLYIIL,  together  with  estimates 
made  in  like  manner  on  Plates  I.  to  XII.,  inclusive. 

Once  more  arsenopyrite  appears  as  the  turning-point  in  the  series; 
the  tailings  of  the  successive  minerals  rapidly  retrograding  in  the 
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Table  XLYII. — Percentage  of  Heavy  Mineral  in  Tails,  in  Tests 
with  Jig  Inundated.     Little  Suction. 
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series  until  arsenopyrite  is  reached,  while  the  tailings  of  the  mine- 
rals to  the  right  of  arsenopyrite  are  but  little  worse  than  those  of 
that  mineral. 

Quartz  being  the  heavier  mineral,  of  quartz  and  anthracite,  it  is 
much  too  good  to  be  in  the  company  it  is.  The  ratio  between  quartz 
and  anthracite  is  nearly  as  great  as   between   quartz  and  antimony. 

The  results  of  this  series  prove  conclusively,  that  strong  suction 
is  more  efficient  for  jigging  mixed  sizes  than  weak  suction  (compare 
Nos.  45  and  46,  48  and  49,  etc.);  and  again,  that  weak  suction  is 
more  efficient  than  no  suction  (compare  Nos.  46  and  47,  49  and  50, 
etc.) 

These  tests  show,  also,  that  in  jigging  mixed  sizes  of  a  series  of 
minerals,  we  have  found,  in  arsenopyrite,  the  middle  cone  of  the 
three  (see  Fig.  7),  the  turning-point  in  the  set,  where  the  heavier 
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Table  XL "VIII. — Percentage  of  Heavy  Mineral  in  Tails,  in  Tests 
from  Pointed  Tube  or  Pulsion- Jig.     No  Suction. 
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mineral  grain  is  just  large  enough  to  fill  the  interstices  in  the  quartz. 
All  the  minerals  heavier  than  arsenopyrite jig  easily;  all  those  that 
are  lighter  jig  poorly  when  mixed  sizes  are  used. 

The  turning-point  referred  to  in  Fig.  7,  where  the  heavy  grain  is 
of  a  size  which  just  fills  the  interstices  among  the  lighter  grains,  is 
represented  by  the  interstitial  factor  3.7  of  Table  XXXVII.  This 
factor  has  been  arrived  at  in  three  places  in  this  investigation,  namely, 
by  jigging- tests,  Nos.  7  and  10  ;  jigging-tests,  Nos.  25  and  28,  and 
the  facts  brought  out  in  Tables  XLVI.,  XLVIL,  and  XLVIII. 
The  factor  will  probably  vary  somewhat  with  the  fracture  of  the 
minerals  ;  and  it  also  needs  confirmation  for  larger  sizes. 

While  it  is  a  simple  matter  to  make  a  table  of  equal-settling  factoids 
(Table  VII.),  of  interstitial  factors  (Table  XXXVII.)  and  of  accele- 
ration-factors (Table  XXXIX.),  no  corresponding  table  of  suction- 
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factors  can  be  made.  The  most  that  can  be  said  is  that  suction  in- 
creases with  the  length  of  the  plunger-stroke,  with  the  difference  in 
specific  gravity  of  the  two  minerals,  and  with  the  diminishing  of 
the  thickness  of  the  bed  on  the  sieve,  whether  of  the  heavier  minerals 
only  or  of  both  minerals. 

Summary. — The  two  chief  reactions  of  jigging  are  pulsion  and 
suction. 

The  effect  of  pulsion  depends  upon  the  laws  of  equal-settling  par- 
ticles, interstitial  currents,  and,  possibly,  also  of  acceleration.  The 
chief  function  of  pulsion  is  to  save  the  larger  grains  of  the  heavier 
mineral,  or  the  grains  which  settle  faster  and  farther  than  the  waste. 

The  effect  of  suction  depends  upon  the  interstitial  factor  of  the 
minerals  to  be  separated  (see  Table  XXXVII.  and  Fig.  7).  If  this 
factor  is  greater  then  3.70,  suction  will  be  efficient  and  rapid.  If  the 
factor  is  less  than  3.70,  suction  will  be  much  hampered  and  hin- 
dered. The  use  of  a  long  stroke  will  help  to  overcome  this  diffi- 
culty. The  chief  function  of  suction  is  to  save  the  particles  that  are 
too  small  to  be  saved  by  the  laws  of  equal-settling  particles,  and  of 
interstitial  currents,  acting  through  the  pulsion  of  the  jig. 

For  jigging  mixed  sizes,  pulsion  with  full  suction  should  be  used. 

For  jigging  closely-sized  products,  pulsion  with  a  minimum  of 
suction  should  be  used. 

The  degree  of  sizing  needed  as  preparation  for  jigging,  if  we  are 
looking  for  the  most  perfect  work,  depends  solely  upon  the  intersti- 
tial factor  of  the  minerals  to  be  separated.  If  the  factor  is  above 
3.70  (assuming  this  value  to  be  sufficiently  proved),  then  sizing  is 
simply  a  matter  of  convenience.  The  fine  slimes  should,  of  course, 
be  removed  ;  and,  if  it  is  more  convenient  to  send  egg-size,  nut- 
size,  pea-size,  and  sand-size,  each  to  its  own  jig,  the  suitable  screens 
should  be  provided  for  this  purpose,  and  a  hydraulic  separator  for 
grading  the  finest  sizes.  But  if,  on  the  other  hand,  the  factor  is  be- 
low 3.70,  then,  the  jigging  of  mixed  sizes  cannot  give  perfectly  clean 
work,  and  the  separation  will  be  approximate  only.  To  effect  the 
most  perfect  separation,  close  sizing  must  be  adopted,  and  the  closer 
the  sizes  are  to  each  other  the  more  rapid  and  perfect  will  the  jigging 
be.  There  may  be  conditions  where  the  jigging  of  mixed  sizes  of 
this  class  will  be  considered  sufficiently  satisfactory,  as  an  expedient, 
under  the  circumstances.  Indeed,  it  is  probable,  that  as  much  as  90 
per  cent,  of  the  mineral  was  saved  in  every  test  recorded  in  Table 
XLVL,  except  that  of  epidote. 

The  small  scale  on  which  this  work  has  been  done  may  have  ex- 
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aggerated,  to  some  extent,  some  of  the  jigging-results.  It  is  hoped, 
however,  that  if  the  reader  does  not  find  here  the  large-scale  work 
exactly  pictured,  he  will  find  analogies  from  which  he  may  be  able 
to  predict  results. 

The  author  is  indebted  to  his  assistant,  Mr.  W.  A.  Tucker,  for  the 
careful  and  accurate  way  in  which  the  whole  investigation  has  been 
conducted;  and  particularly  to  Mr.  J.  B.  Seager,  graduate  of  the 
Michigan  Mining  School  at  Houghton,  for  the  help  he  has  given, 
not  only  in  conducting  the  experiments,  but  also  in  the  way  of  sug- 
gestion and  intelligent  criticism. 


ORE-DRESSING  AND  CONCENTRATION  IX  SWEDEN. 

BY  P.    G.    LIDNER,   NEW  YORK   CITY. 
(Bridgeport  Meeting,  October,  1894.) 

Introductory. 

The  mechanical  concentration  of  ores  has  not  attained  any  con- 
siderable extent  in  Sweden,  by  reason  of  a  scarcity  of  ores  calling 
for  this  kind  of  treatment.  Of  rich  iron-ores  there  is  still  an  abun- 
dant supply;  and  magnetic  concentration,  which  in  the  future  un- 
doubtedly will  become  of  great  importance,  not  being  as  yet  de- 
manded by  necessity,  has  not  advanced  beyond  a  few  experiments. 
At  the  copper-mines  mechanical  concentration  has  been  superseded 
by  chemical  processes;  the  lead  mines  are  worked  out;  and  it  is 
(with  one  exception)  only  the  mines  producing  blende,  or  blende  and 
galena  intimately  mixed,  that  have  adopted  mechanical  methods  for 
enriching  their  low-grade  ores.  While  the  concentrating-plants  in 
Sweden  are  few  and  their  output  is  comparatively  insignificant,  the 
methods  employed,  the  general  features  of  the  work  and  the  results 
obtained  under  extremely  unfavorable  conditions,  may  offer  some 
points  of  interest  to  persons  who  are  engaged  in  this  branch  of  in- 
dustry and  have  similar  problems  to  deal  with. 

Before  going  into  a  detailed  description  of  the  several  plants,  I 
will  offer  a  few  remarks  that  hold  good  for  all  of  them  and  consti- 
tute a  general  review  of  Swedish  concentration  and  its  conditions. 
At  all  the  works  the  ore   to  be   treated  is  a  mixture  of  blende   and 
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galena*  with  either  a  fine  grained  gray  gneiss  (granulite)  or  lime- 
stone as  gangue;  and  the  object  is  to  separate  the  two  former  min- 
erals in  the  form  of  concentrates  as  clean  and  rich  as  existing  work- 
ing methods  and  commercial  economy  will  permit,  since  they  must 
be  subsequently  shipped  long  distances,  and  subjected  to  heavy  trans- 
portation-charges. The  ores  are  exceedingly  difficult  to  concentrate 
for  the  reason  that  the  minerals  are  so  finely  disseminated  in  the 
gangue  that  separate  particles  of  galena  and  blende  cannot  be  distin- 
guished by  the  naked  eye,  and  no  sufficiently  high  concentration 
can  be  accomplished  until  the  material  has  been  ground  down  to  at 
most  2.5  mm.  diameters  of  grain.  In  most  cases,  1  mm.  is  the 
largest  permissible  size.  As  a  consequence,  the  Swedish  mills  are 
principally  made  up  of  slime-concentrating  apparatus,  and  machines 
for  coarse  concentration  are  either  not  at  all  needed  or  occupy  a  very 
subordinate  position.  The  mills  are  of  the  German  pattern,  and 
Continental  methods  and  principles  are  prevalent.  Before  the  ore 
is  sent  to  the  mill  it  is  thoroughly  overhauled  and  hand-culled, 
pieces  of  pure  mineral  or  dead  rock  and  foreign  substances  being 
thrown  out  and  only  the  stuff  too  badly  mixed  or  too  fine  for  hand- 
sorting  subjected  to  further  treatment.  This  preparatory  work  de- 
serves attention  because  it  effects  a  greater  saving  than  is  generally 
supposed.  The  cheapest  labor  is  employed  for  the  sorting;  on  the 
picked,  clean  ore  there  is  no  loss  in  concentration ;  there  is  no  wear 
and  tear  of  machinery  by  anything  thus  removed,  be  it  clean  min- 
eral or  gangue;  and  both  the  machinery  and  the  mill-work  are 
highly  benefited  by  keeping  out  broken  tools,  pieces  of  iron  or 
wood,  rags,  etc.  While  I  would  not  recommend  in  American  prac- 
tice the  carrying  of  hand-work  as  far  as  in  Europe,  because  wages 
are  higher  on  this  side  of  the  Atlantic,  I  venture  to  say  that  this 
preliminary  operation  is  generally  too  much  neglected  in  the  United 
States  and  that  many  concentrating  works,  especially  in  the  zinc- 
mining  districts,  would  profit  by  paying  more  attention  to  it. 

At  what  time  mechanical  concentration  was  first  introduced  in 
Sweden  it  is  hard  to  tell  with  certainty,  but  there  seems  to  be  no 
doubt  that  the  earliest  efforts  to  separate  metalliferous  minerals  from 
accompanying  gangue  by  means  of  machinery  were  made  at  Sala, 
and  from  the  limited  capacity  of  these  ancient  works  and  their  very 
large  accumulations  of  tailings,  I  would  infer  that  the  old  plants 
were  in  operation  about  two  centuries.     There  must  have  been  two 

*  To  this  statement,  Sala,  an  old  silver-lead  mine,  at  the  present  time  pretty  well 
exhausted,  constitutes  an  exception,  which  will  he  explained  later  on. 
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of  them,  and  both  have  gone  out  of  existence,  being  replaced  by 
modern  methods  and  appliances.  These  old  mills  were  Pochwerke , 
copied  from  German  practice  and  operated  in  a  very  simple  manner. 
The  cobbed  ore  was  crushed  fine  by  old-fashioned  stamps,  with 
wooden  stems,  etc.,  and  the  pulp  run  into  a  pit  for  settling.  From 
these  the  pulverized  material  was  dug  up  by  hand  and  fed  on  Stoss- 
herde,  inclined  tables  with  longitudinal  motion  (end-bumps).  How- 
ever imperfect  this  method  may  appear  at  first  sight,  the  results  ob- 
tained by  it  have  never  been  equalled  by  the  new,  modern  mill,  so 
far  as  close  saving  of  the  minerals  is  concerned.  With  regard  to 
capacity,  the  latter  is,  of  course,  superior. 

At  Falun,  the  principal  copper-mine  in  Sweden,  a  large  concen- 
trating-mill  was  erected  about  twenty-five  years  ago,  but  the  losses 
being  too  high  (25  per  cent.,  and  often  more),  the  machinery  was 
taken  out  and  the  building  turned  into  a  lixiviation-plant.  By 
leaching,  fully  95  per  cent,  of  the  copper  is  extracted,  which  proves, 
at  least  in  this  case,  the  superiority  of  chemical  processes  over  me- 
chanical concentration.  Hand-sorting  is  the  only  means  employed 
at  Falun  for  enriching  the  stuff  brought  from  the  mine.  It  works 
well.  Of  75,000  tons  of  material  annually  hoisted,  15,000  tons  of 
ore  suitable  for  extraction  (3  per  cent,  of  copper)  are  picked  out. 
and  the  remaining  60,000  tons,  being  either  dead  rock  or  containing 
only  a  slight  trace  of  copper,  are  dumped  back  into  the  mine,  and 
used  as  filling.  In  the  same  way  the  ore  is  dressed  at  the  other 
copper-mines  in  the  country  and  also  at  some  small  lead-  and  zinc- 
mines  which  cannot  afford  concentrating-machinery. 

o 

The  Works  at  Ammeberg  and  Johannesborg. 

The  most  prominent  concentrating-works  in  Sweden  belong  to 
the  French  Vieille  Montayne  Co.,  and  are  run  in  connection  with 
this  company  s  extensive  zinc-mines  at  Ammeberg,  in   the  province 

o 

of  Nerike.  There  are  two  plants — one  at  Ammeberg  and  another 
smaller  one  at  Johannesborg,  about  three  miles  distant.     The  main 

o 

plant,  at  Ammeberg,  was  built  in  1859-61.  Although  it  has  from 
time  to  time  been  enlarged  and  improved  in  conformity  with  more 
modern  principles,  it  is  still  rather  antiquated  and  old-fashioued, 
but  in  most  respects  it  is  doing  excellent  work.  Blende  and  galena 
are  separated  from  each  other  remarkably  well,  and  the  loss  in  tail- 
ings has  been  reduced  to  a  lower  figure  than  at  most  other  mills 
where  zinc-ore  is  concentrated,  but  the  arrangement  of  the  plant  is 
somewhat  disadvantageous.    All  the  machines  are  on  one  floor,  which 
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causes  much  rehandling  of  the  material,  and  the  addition  of  new 
parts  at  different  times  has  given  rise  to  a  number  of  disconnected 
and  independent  departments.  This  is  claimed  to  be  an 'advantage, 
inasmuch  as  a  temporary  shut-down  of  one  department  does  not 
affect  the  whole  mill ;  but  it  requires  an  excessive  amount  of  labor, 
as  is  proved  by  the  fact  that  not  less  than  seventy  men  are  engaged 
in  and  about  the  mill.  The  general  course  of  the  work  is  hard  to 
follow,  and  even  one  experienced  in  concentration  will  at  first  be 
puzzled  by  the  excessive  rehandling  and  the  great  number  of  labor- 
ers running  around  with  wheelbarrows  in  every  direction. 

In  order  to  get  a  clear  view  of  the  concentration  we  will  first  make 
a  visit  to  the  mines,  situated  about  8  miles  from  Ammeberg,  and 
connected  with  this  place  by  a  railroad,  built  and  operated  by  the 
company.  The  extensive  bedded  deposit  of  blende  is  opened  up  by 
two  main  shafts;  and  the  material,  brought  up  from  the  mines,  after 
some  preliminary  overhauling  (by  which  mostly  large  chunks  of  dead 
rock  are  thrown  out),  is  run  through  crushers  of  the  ordinary  pat- 
tern, and  divided  by  sizing-drums  into  two  classes,  one  coarser  and 
one  finer  than  20  mm.  The  fine  stuff  goes  directly  to  the  mill ;  the 
coarse  material,  after  passing  out  of  the  drums,  is  automatically  dis- 
tributed on  slowly  revolving  picking  tables,  provided  with  three  cir- 
cular shelves,  one  above  the  other.  The  shelves  have  on  the  inside 
a  flange,  behind  which  there  are,  at  the  top  shelf,  two  slots  extending 
along  the  whole  circumference,  and  each  of  these  slots  is  connected 
with  one  of  the  shelves  underneath.  The  stuff  is  deposited  on  the 
upper  shelf,  and  boys  standing  at  the  table  pick  out  pieces  of  clean 
blende,  which  are  thrown  over  the  flange  into  the  first  slot,  and  fall 
down  on  the  second  shelf.  Pieces  of  rock  are  also  picked  out  and 
put  in  the  second  slot  leading  to  the  third  shelf.  By  fixed  iron  plows 
the  stuff  is  raked  off,  the  rock  and  clean  ore  being  collected  in  sepa- 
rate cars  underneath,  but  the  remaining  mixed  ore  at  the  top  goes  to 
a  second  table,  which  has  only  two  shelves.  Here  it  is  picked  over 
again  and  sorted  into  two  classes:  wash-ore,  containing,  beside 
blende,  a  considerable  quantity  of  galena,  which  is  put  on  the  lower 
shelf,  and  stuff  with  little  or  no  galena,  which  is  left  on  the  top 
shelf.     The  former  is  sent  to  the  mill  at  Johannesborg,  and   the 

O 

latter,  after  calcining,  to  the  main  works  at  Ammeberg.  By  this 
systematic  hand-sorting,  7000  tons  of  clean  blende  and  much  more 
rock  are  annually  picked  out  at  a  comparatively  trifling  expense; 

o 

and  if  we  take  into  consideration  that  the  ore  at  Ammeberg,  being 
mostly  a  fine-grained  gneiss,  with  blende  and  a  little  galena  sprinkled 
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through  it,  is  not  very  well  suited  for  culling,  this  result  is  evidently 
a  point  in  favor  of  my  previously  expressed  opinion  that  concentra- 
tion should- be  preceded  by  hand-culling  and  picking  to  such  an  ex- 
tent as  circumstances  permit. 

The  coarse  wash-ore,  without  galena,  is  calcined  before  being  sent 
to  the  mill.  The  burning,  which  is  performed  in  kilns  with  alternate 
layers  of  ore  and  coal,  serves  two  purposes.  One  is  to  soften  the 
unusually  hard  gangue,  thereby  reducing  the  wear  and  tear  on  the 
grinding-machinery.  With  this  object  in  view,  water  was  at  first 
put  on  the  hot  stuff  when  drawn  from  the  kilns;  but  it  was  found 
that  the  sudden  cooling  gave  rise  to  innumerable  small  fissures, 
which  afterwards  caused  the  forming  of  an  excessive  amount  of 
slime  and  increased  losses  in  concentration,  and  the  burnt  ore  is  now 
allowed  to  cool  slowly.  The  other  reason  for  burning  the  ore  is 
that  it  effects  a  separation  of  iron  pyrites,  which  is  a  very  objection- 
able admixture  in  blende,  and  cannot  be  satisfactorily  removed  in 
the  ordinary  course  of  concentration.  If  a  mixture  of  iron  py rites 
and  blende  is  slightly  roasted,  the  blende  remains  unchanged,  but 
the  pyrites  crumbles,  becomes  spongy  and  porous,  and  is  easily 
washed  off  by  the  subsequent  water  treatment.  This  method  of 
separating  iron  pyrites  and  blende  has  been  known  and  practiced  by 
the  Vieille  Montagne  Company  more  than  thirty  years,  and  was  in- 
troduced by  the  late  Ferdinand  de  Stwolinsky,  a  former  employee 
of  that  company,  in  the  Matthiessen  and  Hegeler  works  at  La  Salle, 
111.,  many  years  ago,  when  they  operated  a  concentrating-plant  in 
connection  with  their  zinc-works.  I  mention  this  because  Prof.  W. 
P.  Blake,  in  a  recent  paper  (Trans.,  xxii.,  569),  says  that  the  method 
has  been  adopted  in  Wisconsin,  and  describes  it  as  a  new  metallur- 
gical process. 

Of  the  products  sent  to  the  mill  at  Ammeberg,  the  clean,  picked 
blende  is  reduced  by  crusher  and  rolls  to  a  suitable  size  and  delivered 
to  the  roasting  furnaces.  The  wash-ore,  finer  than  20  mm.  (I.),  and 
the  coarse  burnt  stuff  (II.)  are  kept  separate,  and  concentrated  in  the 
following  way : 

I.  Fine  Material. — This  is  fed  by  hand  into  a  sizing  drum  with 
two  compartments.  While  feeding,  the  workman  picks  out  foreign 
substances,  such  as  pieces  of  wood,  rags,  etc.,  and  also,  as  far  as  time 
will  permit,  coarser  pieces  of  clean  blende  and  rock.  The  holes  in 
the  first  part  of  the  drum  have  a  diameter  of  2J  mm.,  and  in  the 
second  part,  5  mm.  Stuff  coarser  than  5  mm.  drops  into  another 
drum,  with  three  compartments  and  holes  of  8,  13,  and  20-mm.  di- 
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ameter.     From  these  two  drums  six  grades  or  sizes  are  obtained  and 
further  treated,  as  follows: 

a.  Stuff  Coarser  than  20  mm. — Theoretically,  there  should  be  no 
such  grade  as  this,  because  the  ore  has  previously  gone  through  a 
drum  with  20-mm.  holes,  but  more  or  less  of  it  is  always  obtained, 
for  several  reasons.  The  holes  in  the  first  drums  (at  the  mines)  arc 
often  worn  to  a  larger  size  than  the  original  20  mm.,  and  moreover,  in 
handling  the  stuff,  some  coarse  pieces  are  liable  to  go  astray  and  get 
mixed  up  with  the  fine  ores.  This  grade  is  hand-sorted,  rock  and  clean 
blende  are  picked  out,  and  the  middlings  go  to  a  pair  of  rolls  (R{). 

b.  Size  Between  13  and  20  mm.,  called  at  the  mill  20-mm.  stuff. 
This  is  treated  in  one-sieve  jigs,  run  intermittently.  A  quantity  of 
the  material  is  shoveled  in  on  the  sieve,  the  jigs  are  run  for  a  while, 
and  then  stopped,  whereupon  the  different  layers  into  which  the  stuff 
has  been  arranged,  according  to  specific  gravity,  are  taken  out  with 
a  piece  of  sheet-iron.  The  top  layer  consists  of  pieces  of  rock,  which 
are  rejected  ;  then  come  middlings  of  rock  and  blende,  which  are 
sent  to  the  rolls,  Rt ;  then,  clean  blende;  and  at  the  bottom,  blende 
with  more  or  less  galena,  which  is  also  brought  over  to  the  rolls,  Rlt 
for  finer  crushing.  Sometimes,  no  galena  is  present;  then  only 
three  products  are  obtained  in  these  jigs. 

c.  Size  Between  8  and  13  mm.,  called  13-mm.  stuff. — The  differ- 
ent grades  are  named  after  the  upper  limit.  This  receives  the  same 
treatment  as  grade  b. 

d.  Size  Between  5  and  8  mm. — Wash-ore  of  this  class  goes  from 
the  sizing-drum  directly  to  a  three-sieve  jig,  which  produces  in  the 
first  compartment  clean  blende;  in  the  second,  also  clean  blende; 
and  in  the  third,  middlings,  which  are  crushed  finer  by  the  rolls,  R^ 
The  tailings  from  this  jig  are  rejected.  If  the  ore  contains  galena, 
middlings  of  galena  and  blende  are  received  from  the  first  compart- 
ment, and  are  sent  to  the  rolls.  . 

e.  Size  Between  2J  and  5  mm.  is  treated   as  grade  d  in  another 

j'g- 

/.  Stuff  Finer  than  1\  mm. — This  is  conducted  to  a  hydraulic 
classifier  (Hx),  where  it  is  divided  into  two  sizes,  and  each  class  is 
treated  in  a  three-sieved  jig  (,ll  and  J2).  The  first  compartment 
gives  a  mixture  of  galena  and  blende  ;  and  from  the  second  and 
third  sieves  clean  blende  is  obtained.  The  tailings  are  brought  to 
email  grinders  (Schwartzmann  or  Heberle  mills),  of  various  con- 
struction, for  comminution,  and  are  afterwards  united  with  similar 
material  in  Part  II.     The   mixed  galena   and  blende  from  the  first 
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compartment  in  jigs  J\  and  J2  is  separated  in  another  jig,  J3,  where 
the  first  sieve  gives  clean  galena,  and  the  second  and  third  sieves 
clean  blende.  Should  the  second  compartment  in  J3  produce  mid- 
dlings of  galena  and  blende,  instead  of  clean  blende  (which  some- 
times happens),  they  are,  if  rich  in  galena,  fed  back  on  the  same  jig, 
or,  if  poor,  sent  to  the  mills,  reground,  and  treated  together  with 
corresponding  stuff  in  Part  II. 

The  reason  for  treating  the  fine  wash-ore  separately  is,  of  course, 
to  avoid  regrinding  of  material  already  fine  enough  for  concentra- 
tion and  to  prevent  as  much  as  possible  the  formation  of  slime.  The 
quantity  of  fine  stuff  worked  up  daily  is  about  22  tons. 

II.  Coarse  Material.  — The  burnt  ore  together  with  the  middlings 
from  a,  6,  c,  d  and  e,  of  Part  I.,  is  crushed  by  the  rolls,  Rp  and 
raised  and  sorted  by  a  combined  elevating-wheel  and  sizing-drum 
into  two  classes,  respectively  coarser  and  finer  than  6  mm.,  of  which 
the  former  goes  back  to  the  same  rolls,  and  the  latter  is  transported 
by  a  screw-conveyor  to  a  sizing-drum  with  2|-mm.  holes,  where  it 
is  divided  into  two  classes,  a  and  b. 

a.  Finer  than  2|  mm. — This  stuff  goes  first  to  a  classifier  (H2)  for 
separation  of  slime,  and  is  afterward  conveyed  to  a  sizing-drum  with 
1-,  1  J-,  1|-  and  2-mm.  holes.  The  different  sizes  are  fed  each  on 
one  or  two  four-sieved  jigs,  where  mixed  galena  and  blende  is 
obtained  in  the  first  compartment,  clean  blende  in  the  second  and 
third,  and  middlings  in  the  fourth.  The  products  from  the  first 
and  fourth  sieves  are  further  comminuted  in  the  grinders  and  worked 
over  again.  Sometimes,  when  the  ore  is  richer  than  usual,  the  tail- 
ings are  also  reground,  but  ordinarily  they  are  worthless. 

6.  Coarser  than  2|  mm. — This  is  crushed  by  a  pair  of  rolls  (R>)  to 
a  size  below  1\  mm.,  and,  after  the  slime  has  been  removed  in  a 
classifer  (H3),  it  is  lifted  by  a  link-belt  elevator  to  two  systems  of 
sizing-drums  with  holes  pf  1,  1.4,  2  and  2.5  mm.  diameter.  After 
sizing,  it  is  treated  in  three-sieved  jigs,  where  middlings  of  galena 
and  blende  are  retained  in  the  first  compartment,  and  clean  blende 
in  the  second  and  third.  The  tailings  from  these  jigs  are  reground 
and  worked  over,  as  is  also  the  mixed  galena  and  blende  on  the  first 
sieve. 

All  middlings  and  tailings  recrushed  in  the  grinders  are,  after 
being  freed  from  slime  in  hydraulic  classifiers,  sized  in  drums  with 
1-,  1.2-,  1.4  and  2-mm.  holes,  and  further  treated  in  jigs  in  exactly 
the  same  way  as  classes  a  and  6.  The  sizing-drums  are  all  conical, 
and  the  jigs  are  of  the  Hartz  pattern,  rather  small  and  old-fashioned 
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and  provided  with  beds  of  iron  shot.  Stroke  and  speed  are  gener- 
ally the  same  as  in  the  best  modern  practice.  Rolls  of  large  size  and 
slow  motion  are  employed  ;  their  diameter  is  1.3  m. 

The  overflow  from  all  the  above-mentioned  classifiers  passes 
through  a  series  of  pointed  boxes,  and  the  separated  coarser  stuff  is 
treated  in  slime-jigs.  The  overflow  from  the  boxes  is  run  over  a 
number  of  Spitzlutten,  which  furnish  material  for  the  Rittinger  tables. 
Stuff  carried  off  with  the  overflow  from  the  Spitzlutten  is  classified 
in  a  number  of  larger  and  smaller  Spitzkasten,  and  distributed  on 
round  slime-tables. 

There  are  21  double  Rittinger  tables  2.55  m.  long  and  wide;  that 
is,  the  width  of  each  single  table  is  half  of  its  length.  They  are 
inclined  four  to  five  degrees,  and  the  number  of  bumps  per  minute 
varies  from  140  to  180. 

For  slime-tables,  both  the  concave  and  convex  forms  are  used,  and 
there  are  generally  two  tables,  one  of  each  kind  on  the  same  shaft, 
the  convex  table  being  placed  at  the  top  and  the  concave  underneath. 
Tables  of  the  convex  shape  are  doing  closer  work  than  the  others, 
because  on  the  latter  there  is  a  contraction,  and  consequently  an  in- 
creased force  of  the  current,  toward  the  center,  which  causes  some 
stuff  to  be  carried  off  prematurely.  The  diameter  of  the  concave 
tables  is  4  m.  and  the  inclination  from  80  to  125  mm.  per  meter  ; 
the  convex  tables  have  a  diameter  of  4.5  m.,  and  the  same  inclina- 
tion. They  make  one  revolution  in  two  and  one-half  to  three 
minutes.  The  surface  is  covered  with  cement  and  excellently 
finished. 

The  slime  from  the  Spitzkasten  is  fed  on  the  concave  tables,  where 
four  products  are  obtained,  viz.,  tailings,  which  go  to  the  convex 
tables;  middlings,  which  are  sent  back  to  the  Spitzlutten;  blende 
concentrates,  and  a  mixture  of  galena  and  blende,  which  is  separated 
on  Rittinger  tables.  The  products  from  the  convex  tables  are,  tail- 
ings, which  are  worthless,  and  go  to  waste;  middlings,  which  are 
sent  back  to  the  same  tables,  and  blende  concentrates.  Finally, 
there  are  a  few  Stossherde,  on  which  some  of  the  headings  of  the 
finest  size,  which  are  not  sufficiently  high  in  zinc,  are  worked  over 
and  enriched  to  a  desired  degree. 

o 

The  works  at  Ammeberg  are  at  present  run  sixteen  hours  daily, 
and  treat  in  that  time  165  tons  of  material.  Power  is  furnished  by 
two  water-wheels  and  one  auxiliary  steam-engine.  The  wash-ore 
contains,  on  an  average,  20  per  cent,  of  zinc  and  somewhat  less  than 
one  per  cent,  of  lead.     The  losses  in  concentration  have  been  brought 
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down  to  21  per  cent.,  which  is  a  remarkably  good  result  in  consid- 
eration of  the  slight  difference  in  specific  gravity  between  gangue 
and  blende,  and  the  unfavorable  character  of  the  ore.     The  blende 

o 

concentrates  are  roasted  at  Ainmeberg  in  reverberatory  furnaces  be- 
fore being  shipped  to  the  company's  reduction-works  at  Liege,  in 
Belgium.  They  contain,  after  roasting,  about  38  per  cent,  of  zinc 
and  6  per  cent,  of  ferric  oxide;  but  through  the  addition  of  the 
clean,  picked  blende,  the  average  percentage  of  zinc  is  increased  to 
42. 

It  will  hardly  escape  any  one  experienced  in  this  kind  of  work, 
that  a  large  part  of  the  concentrates  is  obtained  at  a  high  expense, 
and  that  the  saving  of  mineral  has  been  carried  beyond  the  ordinary 

o 

limit  of  economy.  This  is  explained  by  the  fact  that  the  Ammeberg 
blende  is  more  valuable  than  the  ore  from  other  mines  belonging  to 
the  Vieille  Montague,  on  account  of  its  purity,  and  is  used  as  raw 
material  for  this  company's  superior  brands  of  oxides.  This  is  also 
the  reason  that  so  much  care  is  taken  to  separate  admixed  galena, 
and  that  the  ore,  although  not  contaminated  with  iron  pyrites  in 
any  considerable  degree,  receives  a  special  treatment  for  removing 
that  impurity. 

To  advocates  of  close  sizing,  the  mill  at  Ammeberg  ought  to  be  a 
model  plant,  with  its  numerous  sizing- drums,  ore-classes  and  sub- 
divisions ;  but  the  object  of  this  paper  is  to  describe,  not  criticize, 
and  I  will  leave  it  to  the  reader  himself  to  form  an  opinion  whether 
the  same  results  could  not  be  obtained  in  a  simpler  way  and  by  a 
less  complicated  system. 

The  plant  at  Johannesborg,  treating  wash-ore  richer  in  galena, 
needs  no  separate  description.     It  is  much  smaller  than  the  mill  at 

C 

Ammeberg,  the  capacity  being  about  3000  tons  per  year,  but  general 
arrangements  and  working  methods  are  the  same  in  both. 

The  Works  at  Sal  a. 
At  Sala,  dressing-works  of  modern  construction  were  built  in  1880 
for  the  concentration  of  galena  and  other  silver-bearing  minerals  of 
a  complex  nature,  such  as  geocronite  and  boulangerite.  The  latter 
are  particularly  troublesome,  because  they  occur  disseminated  in  the 
gangue  in  such  an  extremely  fine  state  of  division  tlmt  often  their 
presence  is  marked  only  by  a  gray  coloring  of  the  rock.  The 
gangue  is  limestone,  and  the  galena  is  associated  with  other  sulphurets, 
iron  pyrites  and  blende,  but  not  in  any  considerable  quantity  ;  and 
no  regard  is  paid  to  them  in  the  course  of  the  work. 
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The  material  hoisted  from  the  mine  is  dumped  into  several  bins, 
where  it  is  cobbed  and  hand-sorted  into  three  classes,  smelting-ore, 
wash-ore  and  rock.  The  first  class  is  sent  to  the  furnace  and  the 
second  to  the  mill.  Here  it  passes  first  through  a  jaw-crusher,  and 
from  there  to  a  sizing-drum  with  24-mm.  holes.  Stuff  coarser  than 
24  mm.  is  distributed  on  a  conveyor,  along  which  a  number  of  boys 
are  engaged  picking  out  smelting-ore  and  rock.  What  is  left  on  the 
conveyor  goes  to  a  "  sectorator,"  a  newly-introduced  machine  claimed 
to  crush  and  grind  at  the  same  time;  but  opinions  about  its  merits 
and  value  differ  widely.  Having  been  reduced  in  size  by  the  sec- 
torator, the  wash-ore  is  further  comminuted  by  a  pair  of  rolls  with 
a  diameter  of  900  mm.  Material  finer  than  24  mm.  goes  directly 
to  the  rolls. 

From  the  rolls  the  crushed  ore  is  lifted  by  a  link-belt  elevator  to 
the  sizing-drums,  which  are  conical  and  four  in  number.  The  holes 
in  the  first  one  are  4  mm.  in  diameter;  in  the  second,  3  mm.;  in 
the  third,  2  mm.;  and  in  the  fourth,  1.4  mm.  Stuff  coarser  than 
4  mm.  goes  back  to  the  rolls,  and  finer  than  1.4  mm.  is  delivered  to 
three  hydraulic  classifiers  (Spitzlutten).  Intermediate  sizes  are 
treated  in  jigs  with  4  compartments,  one  jig  to  each  size,  and  the 
middlings  from  the  last  sieves  are  ground  in  Heberle  mills  before 
they  are  taken  back  for  re-treatment.  The  coarser  stuff  separated 
by  the  three  classifiers  is  worked  in  fine  jigs.  According  to  the 
size  of  the  material  treated,  the  jigs  in  this  mill  have  a  speed  of 
150  (for  4-mm.  stuff)  to  250  strokes  per  minute.  The  length  of 
the  stroke  is  30  to  34  mm.  for  the  coarse  jigs  and  less  in  the 
fine  jigs. 

The  overflow  from  the  Spitzlutten  passes  over  a  system  of  four 
Spitzkasten,  of  which  the  first  one  furnishes  material  for  two  pairs 
of  Stossherde,  where  an  enriched  product  is  obtained,  but,  not  being 
sufficiently  clean,  it  is  re-ground  in  Heberle  mills  and  fed  by  hand 
on  a  third  pair  of  Stossherde  for  final  concentration.  The  stuff 
from  the  last  three  Spitzkasten  is  conveyed  to  three  convex  slime- 
tables,  one  table  for  each  S/ntzkasten.  They  are  5  m.  in  diameter, 
inclined  25  mm.  per  meter,  and  make  one  revolution  in  two  minutes. 
The  surface  is  covered  with  cement.  Lately,  some  experiments  have 
been  made  to  feed  stuff  on  two  opposite  sides  of  the  table  and  get  the 
separation  accomplished  during  a  half-revolution,  by  which  arrange- 
ment the  capacity  of  each  table  would  be  doubled.  I  do  not  know 
whether  the  experiments  have  proved  a  success  or  not ;  but  where 
only  one  kind  of  mineral  is  to  be  saved  and  the  degree  of  concen- 
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tration  need  not  be  very  high,  I  think  the  idea  is  worth  trying. 
Middlings  from  the  tables  are  sent  back  to  the  classifiers. 

This  is  the  outline  of  the  process,  which  is  simple  enough,  but  the 
re-grinding  and  re-working  of  material,  necessitated  by  the  nature 
of  the  ore,  has  readied  such  proportions  that  in  the  twelve  hours 
the  mill  is  run  daily  only  16  tons  of  wash-ore  pass  through  it. 
The  stuff  contains,  before  treatment,  3  per  cent,  of  lead  and  about , 
10  ounces  of  silver  per  ton;  the  concentrates  assay  20  per  cent,  of 
lead  and  about  46  ounces  of  silver.  The  losses  in  concentration  are 
very  high,  50  percent,  of  the  lead  and  60  per  cent,  of  the  silver, 
the  latter  mainly  passing  away  in  the  extremely  minute  particles 
of  geocronite  and  boulangerite,  which  could  not  be  saved  by  any 
kind  of  concentrating-machinery.  This  ore  is  evidently  unfit  for 
mechanical  treatment  and  constitutes  a  proper  material  to  be  dealt 
with  by  chemists. 

The  mill  at  Sala  is  conspicuous  by  the  absence  of  Rittinger  tables, 
which  occupy  a  very  prominent  position  in  the  other  concentrating- 
works  in  the  country.  When  the  plant  was  first  started  up,  they 
were  also  used  here;  but  it  was  soon  found  that  the  end-bump  tables 
which  had  been  employed  in  the  old  mills  saved  the  lighter,  com- 
plex minerals  much  more  closely  than  the  Rittinger  tables,  and 
the  latter  were  discarded  and  replaced  with  Stossherde.  The  con- 
centrates at  Sala  need  not  be  of  so  high  grade  as  at  other  places, 
because  they  are  smelted  at  the  mine,  and  there  is  no  expense  for 
transportation.  Power  for  the  mill  is  furnished  by  a  turbine  of 
about  40  horse-power. 

The  Works  at  Saxberg  and  Hellefors. 

At  Saxberg,  in  the  province  of  Dalarne,  a  concentrating-plant 
was  built  in  1891  for  treating  an  exceptionally  difficult  material. 
The  wash-ore  is  a  very  intimate  mixture  of  galena,  blende  and 
gangue;  and  although  the  working  results  are  far  from  encouraging, 
it  may  be  of  interest  to  know  what  can  be  done  with  such  stuff,  under 
the  most  careful  treatment. 

Any  attempt  at  hand-sorting  of  this  ore  would  be  useless.  It  is 
taken  directly  to  the  mill,  crushed  by  means  of  a  "  sectorator"  to  a 
size  of  about  10  mm.,  and  delivered  by  a  link-belt  elevator  to  a  drum 
with  5-mm.  holes.  Each  class  goes  to  a  pair  of  rolls  and  from  there 
to  sizing-drums  with  holes  1  mm.  in  diameter.  Anything  coarser 
than  1  mm.  is  taken  back  to  the  rolls  by  the  elevator;  finer  than  1 
mm.  is  sent  to  the  concentrating-apparatus.     The  crushed  stuff  is 
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classified  in  5  Spitzlutten  and  the  coarse  material  from  the  first  one  is 
worked  in  a  4-sieved  jig,  which  gives  clean  galena  in  the  first  com- 
partment, and  mixed  products  in  the  second,  third  and  fourth.  The 
middlings  are  re-crushed  in  Heberle  mills,  and  sent  back  to  the 
classifiers;  the  tailings  are  worthless.  Stuff  from  the  last  four  Spitz- 
lutten is  treated  on  four  double  Rittingec  tables.  From  the  first 
three  clean  galena,  middlings  and  tailings  are  obtained.  The  mid- 
dlings are  re-ground  and  brought  back  by  an  elevating-wheel  to  the 
Spitzlutten;  but  the  tailings  are  re- worked  without  any  previous 
comminution,  on  another  double  Rittinger  table,  where  middlings 
and  worthless  tailings  are  produced.  The  former  are  re-ground  and 
sent  back  to  the  classifiers.  The  table  fed  from  the  fifth  Spitzlutten, 
gives  clean  galena,  middlings  and  tailings,  which  latter  are  rejected. 
The  middlings  are  conveyed  by  an  elevating  wheel  to  two  other 
double  Rittinger  tables.  The  products  here  are:  impure  galena, 
which  is  sent  back  to  the  classifiers  for  re-treatment ;  clean  blende 
concentrates;  and  tailings,  which  go  back  with  the  galena. 

The  tables  are  7  feet  long  and  4  feet  wide  (width  of  the  double 
table  8  feet),  make  from  180  to  260  bumps  per  minute,  according 
to  the  size  of  material  treated,  and  are  inclined  about  5J°.  The 
surface  is  slightly  charred  and  afterwards  planed  and  polished,  by 
which  a  high  degree  of  smoothness  is  obtained,  claimed  to  surpass 
even  enameled  duck.  The  stuff  fed  on  them  is  properly  classified, 
and  the  amount  of  feed  and  wash- water  carefully  regulated  ;  con- 
ditions which,  although  they  are  often  neglected,  are  essential  to  good 
work  with  Rittinger  tables. 

The  overflow  from  the  Spitzlutten  passes  over  four  Spitzkasten,  of 
which  the  last  three  are  double.  They  furnish  material  for  three 
convex  slime-tables,  where  five  products  are  obtained,  viz.,  clean 
galena;  mixed  galena  and  blende;  clean  blende;  mixed  blende  and 
gangue;  and  tailings,  which  are  worthless.  The  middlings  are 
brought  back  by  a  sand  pump  to  the  classifiers  and  re-worked.  The 
slime-tables  are  5  m.  in  diameter,  inclined  from  8°  to  12°,  and 
make  one  revolution  in  2  minutes.  The  surface  is  of  cast-iron,  pol- 
ished and  very  smooth. 

The  wash-ore  contains,  on  an  average,  10  per  cent,  of  lead  and  20 
per  cent,  of  zinc,  and  the  concentrates  assay  50  to  60  per  cent,  in 
lead  and  about  42  per  cent,  in  zinc.  The  separation  of  galena  and 
blende  is  highly  satisfactory.  In  spite  of  all  efforts  to  accomplish  a 
closer  saving,  the  losses  in  concentration  reach  the  high  figure  of  50 
per  cent,,  both  of  lead  and  zinc,  and  it  is  to  be  hoped  that  other 
vol.  xxiv. — 32 
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processes  may  be  invented  by  which  ores  of  this  character  can  be 
more  successfully  treated.  The  capacity  cf  the  plant  is  only  26  to 
28  tons  in  twenty-four  hours,  a  consequence  of  the  fine  grinding  and 
excessive  re-working  that  are  necessary.  Power  is  furnished  by  a 
steam-engine  of  45  horse-power. 

Another  concentrating-mill  of  recent  date  is  situated  at  Hellefors, 
in  the  province  of  Westmanland.  The  nature  of  the  ore,  working 
methods  and  practical  results  are  the  same  as  at  Saxberg,  and  a  de- 
scription of  this  plant  would  only  be  a  repetition  of  previous  state- 
ments and  details.  The  two  mills  were  built  by  the  same  parties 
and  the  arrangements  are  identical,  the  only  difference  being  that 
the  plant  at  Hellefors  has  a  smaller  capacity  than  the  one  at  Sax- 
berg. 

This  concludes  my  brief  review  of  concentration  in  Sweden  as  it 
stands  to-day,  represented  by  the  above-mentioned  five  works.  Al- 
though they  do  not  rank  high  as  producers,  quantitatively,  they  cer- 
tainly deserve  credit  for  what  they  accomplish  under  the  many  diffi- 
culties with  which  they  have  to  contend. 


MAGNESIA  AND  SULPHUB  IN  BLAST-FURNACE  CINDER. 

BY  FRANK  FIRMSTONE,  EASTON,    PA. 

(Bridgeport  Meeting,  October,  11-94.) 

In  the  Kaernthner  Zeitschrift,  No.  2,  1881,  p.  53,  et  seq.,  Prof. 
Ledebur  details  some  experiments  on  the  power  of  various  silicates 
of  lime  and  alumina,  magnesia  and  alumina,  and  lime,  magnesia  and 
alumina,  to  remove  sulphur  from  pig-iron,  from  which  it  appears 
(as  has  long  been  recognized  in  practice)  that  the  more  basic  the  sili- 
cate the  greater  the  quantity  of  sulphur  it  will  take  up;  but  also 
that  for  the  same  grade  of  silicate,  this  quantity  is  greatest  for  the 
lime-alumina  silicate  and  least  for  the  magnesia-alumina  silicate, 
the  lime-magnesia-alumina  silicate  occupying  an  intermediate  posi- 
tion, and  he  concluded  therefrom  (p.  59)  that,  for  the  production  of 
pig-iron  low  in  sulphur,  pure  limestones  are  to  be  preferred  to  those 
containing  magnesia. 

Much  the  same  opinion  has  been  published  elsewhere  on  high  au- 
thority, and   lately  (not  to  multiply  references)  by  Sir  Lowthian 
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Bell  ( The  Iron  and  Steel  Institute  in  America  in  1890,  p.  160)  and 
Mr.  Stead  (Jour.  Iron  and  Steel  Inst.,  No.  II.,  1892,  p.  242). 

Ledebur's  experiments  seem  conclusive  as  to  the  exact  point  he 
investigated;  but  long  experience  in  Eastern  Pennsylvania  and  else- 
where, shows  that  there  is  no  difficulty  in  making  iron  low  in  sul- 
phur, using  what  is  practically  a  normal  dolomite;  and  the  follow- 
ing analyses  prove  that,  under  certain  circumstances  at  least,  the 
sulphur  in  the  pig  is  reduced  by  substituting  dolomite  for  limestone 
containing  about  5  per  cent,  of  magnesia. 

The  ore  used  contained  from  less  than  0.01  to  0.09  per  cent,  of 
sulphur  as  a  maximum,  but  was  commonly  pretty  constant  at  about 
0.03  per  cent. ;  the  coke  (Pocahontas)  was  very  regular  at  from  0.60 
to  0.75  per  cent. 

For  about  two  years  previous  to  October  5,  1891,  the  limestone 
used  was  about  of  the  following  composition  : 


Lime, 

Magnesia, 

Silica, 

Alumina  and  iron. 


Per  cent. 
.     44.52 
.       5.45 
.      7.18 
not  det. 


On  that  day  we  began  to  use  a  dolomite  containing: 

Per  cent. 

Lime, 3  .42 

Magnesia, 20.95 

Silica, 2.07 

Iron  and  alumina, 1.27 

The  cinder  made  had  about  the  following  composition  : 


Cinder  before  Oct.  5, 1891. 


Cinder  after  Oct.  5, 1891. 


Per  cent 

Si02,     . 

.    39.95 

A1203.  • 

.       5.48 

CaO,     . 

.     47.39 

MgO,    . 

. 

.       5.38 

FeO,     . 

.       0.94 

CaS,      . 

OinSi02_ 

not  det. 
1.17 

O  in  buses 


Per  cent. 

37.82 

38.37 

4.05 

3.98 

35.46 

35.18 

19.88 

19.48 

0.74 

1.22 

1.82 

1.53 

1.01 


1.04 


(The  oxygen  in  the  oxide  of  iron  is  not  included). 

The  following  tables  give  the  sulphur  and  silicon  in  the  iron  made 
for  periods  of  thirty-four  days  before  and  thirty-four  days  following 
the  use  of  dolomite. 
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Table  I. — Silicon  and  Sulphur  in  Pig,  when  Limestone  was  Used. 


Sul- 

Sul- 

Date. 

Grade. 

Silicon. 

phur. 

Date. 

Grade. 

Silicon. 

phur. 

Pr.  ct. 

Pr.  et. 

Pr.  ct. 

Pr.  ct. 

Sept.    1 

Grav  Forge 

0.590 

0.096 

Sept.  17 

No.  2 

1.490 

0.033 

■       4 

No.  2 

1.150 

0.059 

"     19 

Grav  Forge 

0.5:;:) 

0.087 

• 

Grav  Forge 

0.S52 

0.069 

"     20 

No.  2 

1.010 

0.039 

'       6 

No.  2 

0.S19 

0.064 

"     21 

No.  2 

1.240 

0.031 

7 

No.  2 

0.676 

0.091 

••     22 

No.  2 

1.200 

0.046 

'       8 

No.  2 

1.320 

0.026 

»     23 

No.  2 

0.954 

0.086 

■       it 

No.  2 

0.947 

0.064 

"     25 

No.  2 

0.802 

0.076 

'     10 

No.  2 

L.520 

0.035 

••     28 

No.  2 

1.22 

0.041 

■     11 

No.  2 

l.s.30 

0.044 

"     30 

No.  2 

0.813 

0.039 

•     14 
'     15 
■     16 

No.  2 

No.  2 

Gray  Forge 

0.807 

1.020 
0.596 

0.077 
0.032 
0.104 

Oct.  3 

No.  2 
No.  2 

1.440 

0.786 

0.034 
0.053 

'•    5 

Table  II. — Silicon  and  Sulphur  in  Pig,  when  Dolomite  ivas  Used. 


Date. 


Oct. 


11.. 

13.. 
15. 
17. 
19. 
21.. 
23. 
25. 


Grade. 


No.  2 
No.  2 
No.  1 
No.  1 
No.  1 
No.  1 
No.  2 
No.  1 
No.  1 
No.  1 


Sul- 

Silicon. 

phur. 

Pr.  ct. 

Pr.  ct. 

0.681 

0.070 

0.891 

0.057 

0.955 

0.028 

1.30 

0.016 

1.20 

0.008   ! 

0.549 

0.059 

0.535 

0.052 

1.04 

0.025 

1.13 

0.022 

1.02 

0.025 

Date. 

Oct. 

27 

« 

29 

« 

31 

Nov 

2 

« 

4 

« 

6 

» 

8 

« 

10 

12 

Grade. 


No.  2 

No.  1 
No.  1 
No.  1 
< !  ra  v  Forge 
No.  1 
No.  1 
No.  1 
No.  1 


Silicon 


Pr.  ct. 
0.414 
1.10 
1.09 

0.818 

O.50S 

1.14 
0.910 
0.428 
0.621 


Sul- 
phur. 


Pr.  ct. 
0.045 
0.027 
0.028 

0.041 
0.070 
0.025 
0.020 
0.048 
0.023 


Table  III.,  in  which  the  results  are  arranged  according  to  the  sili- 
con contents,  shows  plainly  that  for  about  the  same  content  in  silicon 
the  iron  made  with  dolomite  is  pretty  regularly  lower  in  sulphur 
than  that  made  with  limestone. 

The  dolomite  has  been  regularly  used  ever  since;  and  a  compari- 
son of  the  iron  made  over  the  whole  period  before  its  use,  with  that 
made  since,  agrees  perfectly  with  the  above  tables,  and  leaves  no 
doubt  that  the  iron  is  both  lower  in  sulphur  on  the  average,  and  far 
more  regular  in  this  respect,  when  the  flux  is  dolomite,  in  spite  of 
a  very  much  lower  percentage  of  lime  in  the  cinder. 

The  cinder  made  was  at  the  rate  of  about  lh  tons  to  the  ton  of 
iron. 

When  using  limestone,  with  the  silica  in  the  cinder  at  about  39  to 
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Table  III. — Results  Arranged  According  to  Silicon- Contents. 


Using  Limestone. 

Using  Do 

LOMITE. 

Grade. 

Silicon. 

Sulphur. 

Grade. 

Silicon. 

Sulphur. 

Gray  Forge 

0.539 
0.590 
0.596 
0.676 
0.786 
0.802 
0.807 
0.813 
0.819 
0.852 
0.947 
0.954 
1.010 
1.020 
1.150 
1.200 
1.220 
1.240 
1.320 
1.440 
1.490 
1.520 
1.830 

0.087 
0.096 
0.104 
0.091 
0.053 
0.076 
0.077 
0.039 
0.064 
0.069 
0.064 
0.086 
0.039 
0.032 
0.059 
0.046 
0.041 
0.031 
0.026 
0.034 
0.033 
0.035 
0.044 

No.  2 

No.  1 

Grav  Forge 

0.414 
0.428 
0.508 
0.535 
0.549 
(1.021 
0.681 
0.818 
0.891 
0.910 
0.955 
1.020 
1.040 
1.090 
1.100 
1. 1 30 
1.140 
1.200 
1.300 

0.045 

0.048 

0.070 

0.052 

0.059 

0.023 

0.070 

0.041 

0.057 

0.020 

0.028 

0.025 

0.025    ( 

0.028 

0.027 

0.022 

0.025 

O.OOS 

0.016 

„ 

No.  2 

No.  2 

No.  1 

(< 

"   

No.  2 

No.l 

No.  2 

No.l 

« 

Grav  Forge 

No.  2 

„ 

„ 

„ 

„ 

„ 

„ 

"    

n 

a 

„ 

„ 

„ 

„ 

„ 

„ 

40  per  cent,  the  cinder  "  slacked  "*  (fell  to  fine  powder)  as  it  cooled, 
and  there  was  more  or  less  trouble  from  the  burning-out  of  the  brick- 
work  around  and  over  the  tuyeres.  This  was  at  once  aggravated  by 
any  attempt  to  increase  the  proportion  of  limestone  used  ;  and  the 
cinder  analyzed  may  be  regarded  as  about  at  the  practical  limit  in 
this  direction.  All  trouble  on  this  head  at  once  disappeared  with 
the  use  of  dolomite,  and  did  not  recur  even  with  much  lower  per- 
centages of  silica  in  the  cinder  (down  to  35  per  cent.)  than  those 
given  above,  and  (partly  at  least)  in  consequence,  the  furnace- work 
became  more  regular  and  the  burden  carried  heavier.  The  tempera- 
ture of  the  blast  was  kept  at  about  750°  Fahr.  during  the  time 
covered  by  the  iron-analyses. 

It  seems  that  even  a  moderate  amount  of  magnesia  has  a  benefi- 
cial effect  on  the  fusibility  and  fluidity  of  such  cinder;  for  there  was 
no  serious  difficulty  in  this  case  in  running  with  a  "slacking"  cinder 

*  "Slacking"  of  cinder  (as  is  well-known)  takes  place  even  when  it  is  put 
into  a  well  closed  bottle  and  is  not  affected  to  any  appreciable  extent  by  moisture 
in  the  air. 
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of  the  above  composition  (A1203,  5.48 ;  CaO,  47.39 ;  MgO,  5.33), 
while  at  Longdale,  Va.,  where  the  normal  cinder  was  about 


Si02, 

Al,(\, 

CaO, 

MgO, 


Per  cent. 
42.35 

7.35 
41.67 

1.09 


the  greatest  care  was  needed  to  avoid  getting  the  cinder  to  the  slack- 
ing-point — a  few  days'  work  on  slacking  cinder  resulting  in  such  an 
accumulation  of  infusible  matter  in  the  hearth  as  would  cause  the 
tuyeres  to  become  dark  and  the  brick-work  above  and  around  them 
to  burn  out  so  fast  that  it  was  difficult  to  keep  the  blast  on  the 
furnace. 


1 

2 

3 

4            5            6 

Pr  ct. 

Pr.ct. 

Pr.  ct. 

Pr.  ct. 

Pr.  ct. 

Pr.ct. 

Si02 

24.92 
11.62 

35.84 

9.16 

17.40 

28.74 
13.46 
27.72 
9.70 
17.88 

27.01 
13.00 
39.30 
9.00 
10.82 

26.46 
17.80 
35.50 
10.80 

8.18 

27.53 
18.06 
36.30 
11.10 
6.07 

27.64 
16.24 
37.06 
10.60 
9.04 

A]20, 

CaO 

MgO 

Composition 
A1203 

of  Residues. 

98.94* 

68. 1 1 

8.48 

23.41 

97.50 

67.98 
9.39 

22.63 

99.13 

65.88 
14.96 
19.16 

98.74 
68.92 

99.06 
68.72 

100.58 
74.00 

CaO 

MgO 

31.08 

31.28 

26.00 

Total  Al^Oz  and 
A1203 

MgO  in  Cinder. 

100.00 

23.64 
13.39 

100.00 

25.36 
13.80 

100.00 

20.05 
11.05 

100.00 

100.00 

100.00 

MgO 

As  is  well  kuown,  the  use  of  magnesian  limestone  is  condemned 
by  Percy, f  as  also  in  other  British  works  on  iron-smelting,  and  this 
precept  is  of  pretty  old  date,|  and  is  repeated  in  recent  memoirs.§ 


*   OinSiO, 


0.688,  excluding  spinel. 


O  in  bases 
+  Metallurgy,  Iron  and  Steel,  p.  507. 

X  Voyages  Metallurgiques,  2d  Ed.,  Paris,  1837,  t.  i.,  pp.  324-328  ;  Manufacture  of  Iron, 
Philadelphia,  1837,  p.  26.     (Reprinted  from  the  Library  of  Useful  Knowledge.) 
\  Mr.  Stead,  in  Jour.  I.  and  St.  Inst.,  No.  II.,  1S92,  p.  243. 
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In  the  face  of  this,  we  have  the  fact  of  many  years'  use  of  dolomite, 
by  preference,  in  the  Lehigh  Valley  and  elsewhere,  and  contrary 
Opinions  by  several  writers.*  An  explanation  of  the  contradiction 
is,  I  think,  indicated  by  the  circumstance  that  in  all  the  cases  in 
which  I  have  noted  the  successful  use  of  dolomite,  the  alumina  in 
the  cinder  is  low  compared  with  that  in  cinder  commonly  reported 
from  British  iron-works,  and  the  first  publication  looking  to  an  ex- 
planation seems  to  be  Muirhead's  communication  in  Iron.'f  He 
there  gives  the  foregoing  analyses  of  cinder  (page  502). 

He  notes  that  when  making  cinders  Nos.  1,  2  and  3,  the  furnace 
was  working  hot,  but  the  cinder  was  stiff  and  refractory  and  the 
output  small;  and  this  he  attributes  to  the  formation  of  the  com- 
pound of  alumina,  lime  and  magnesia  (spinel)  which  remained  as 
an  insoluble  residue  when  the  cinder  was  dissolved  for  analysis  in 
the  ordinary  way.  The  formation  of  this  compound  seemed  to 
result  from  a  considerable  increase  in  the  magnesia  over  that  present 
when  the  working  was  satisfactory.  He  notes  that  the  working 
was  better  with  No.  4  cinder.  With  No.  5  the  grade  of  the  iron 
was  bad,  with  small  output;  No.  6  gave  mixed  grade  and  moderate 
output. 

Mr.  Steady  also  reports  a  viscous  cinder,  and  mottled  and  white 
iron,  when  magnesian  limestone  was  used  with  Cleveland  iron-ore, 
the  cinder  in  that  district  being  also  relatively  high  in  alumina. 

Prof.  Akerman  states  §  that  spinel  separates  in  cinders  which  are 
more  basic  than  a  singulo-silicate,  and  which  contain  alumina  and 
magnesia  to  the  extent  of  10  per  cent,  of  either  substance,  with  at 
least  20  per  cent,  of  the  other — below  which  limits  spinel  does  not 
usually  crystallize  out. 

It  seems  probable  that  trouble  due  to  separation  of  spinel  may 
arise  from  an  increase  in  alumina  in  a  cinder  high  in  magnesia,  as 
has  been  indicated  above  for  the  opposite  case  of  an  increase  in  mag- 
nesia, the  cinder  being  high  in  alumina. 

In  the  summer  of  1890  Mr.  P.  W.  Shinier  informed  me  that  he 
had  observed  in  a  cinder  from  the  Musconetcong  Iron  Works,  Stan- 


*  Kenneth  Robertson  :  Trans.,  vol.  i.,  p.  144;  De  Vathaire:  Etudes  sur  les  Hauls 
Foumeaux,  1866,  pp.  31,  40  ;  Construction  et  Conduite  des  Hauts  Fourneaux,  1885,  pp. 
150,  157,  158. 

t  Vol.  xvi.  (1880),  p.  292. 

t  Jour.  I.  and  S.  Inst.,  No.  II.,  1892,  p.  243. 

§  Staid  und  Eisen,  1886,  No.  6,  p.  393.     (Translation  from  Jern-Kont.  Annul.) 


504       MAGNESIA    AND   SULPHUR   IN    BLAST- FURNACE    CINDER. 

hope,  N.  J.,  a  residue  insoluble  in  acids  after  fusion  of  the  cinder 
with  sodium  carbonate,  which  he  supposed  to  be  spinel,  and  which 
amounted  to  7.8  per  cent,  of  the  weight  of  the  cinder.  Unfortu- 
nately, he  was  not  then  able  to  make  a  full  analysis  of  this  residue, 
and  we  are  not  now  able  to  get  an  authentic  sample  of  the  cinder  in 
question  ;  but  a  partial  examination,  which  showed  the  presence  of 
much  alumina,  and  a  comparison  with  the  spinel  from  the  Andover 
cinder,  next  to  be  mentioned,  leave  no  reasonable  doubt  as  to  its 
character. 

Through  his  kindness  and  that  of  Mr.  I.  P.  Pardee,  of  the  Mus- 
conetcong  Iron  Works,  I  am  able  to  give  the  following  particulars: 

The  normal  cinder  at  Stanhope  may  be  taken  as  about : 

Per  cent. 

Si02, 35.99 

A1203 8.84 

CaO, 28.80 

MgO, 20.67 

FeO 0.45 

CaS, 2.52     OinS[02  =  Q  ^ 

TiO  ....       1.40     ^  *n  bases 

(FeO  not  included.) 

The  cinder  analyzed  by  Mr.  Shinier  contained 

Per  cent. 


Si02,  . 
A1203,  Ti02, 
CaO, . 
MgO,        . 

S,       .        . 


.     32.64 

.     13.62 

.     31.10 

21  80  0  in  SiOn       _  __  . 

•  „  .    , 2  =  0.82,  approximately. 

not.  det.  O  m  bases 

(Not  including  residue.) 


The  imperfect  examination  of  the  residue  showed  that  the  titanic 
acid  present  was  about  the  same  as  in  the  normal  cinder. 

Mr.  Pardee  informs  me  that  with  this  cinder  the  hearth  choked 
up  badly,  and  they  had  very  great  difficulty  in  keeping  the  cinder- 
notch  and  the  tapping-hole  open,  although  the  iron  made  was 
gray. 

In  this  case  the  ill  effects  of  the  spinel  on  the  fluidity  of  the  cin- 
der may  have  been  aggravated  by  the  considerable  amount  of  titanic 
acid  normally  present  in  the  Stanhope  cinder. 

Mr.  Shinier  has  also  detected  spinel  in  a  cinder  from  the  Andover 
Iron  Works,  for  which  we  are  indebted  to  Mr.  J.  C.  Kent. 

This  cinder  contained  : 


GEOLOGICAL   STRUCTURE    OF   THE    RINGWOOD    IRON    MINES.       505 


Si02, 

A1203, 

CaO, 

MgQ, 

FeO, 

CaS, 

Ti02 

Spinel, 

Alkalies, 


Proximate 

Ultimate 

Per  cent. 

Per  cent 

37.39 

37.40 

9.74 

11.40 

21.91 

21.91 

21.68 

22.37 

0.85 

0.85 

2.27 

2.27 

1.18 

1.20 

238 



not  det. 

not.  det. 

1.01. 


97.40  97.40 

O  in  Si02 

■pr-. — t =0.993  (spinel  and  FeO  not  included.) 

(J  in  oases  x  r  ' 

The  composition  of  the  spinel  residue  was:  . 


A1A, 
MgO, 
Ti02, 

SiO„ . 


Per  cent. 

. 69.65 

29.01 

0.59 

0  24 

99.49 

In  this  case  no  disturbance  due  to  the  presence  of  the  spinel  was 
observed,  but  the  cinder  is  less  basic  and  the  quantity  of  spinel  much 
less  than  in  the  Stanhope  cinder. 

I  think  it  is  fair  to  conclude,  from  the  above,  that  the  old  rule 
against  magnesian  limestone  was  well  founded,  so  far  as  it  referred 
to  cinders  high  in  alumina;  and  although  I  have  only  the  Stanhope 
example,  yet  it  seems  that  when  the  magnesia  in  the  cinder  is  high 
— say  20  per  cent,  or  more — then,  in  the  absence  of  further  data, 
any  increase  in  the  alumina  above  10  per  cent,  should  be  made 
cautiously. 


THE  GEOLOGICAL  STRUCTURE  OF  THE  RING  WOOD  IRON 
MINES,  NEW  JERSEY. 

BY  FRANK  L.   NASON,    NEW  BRUNSWICK,    N.    J. 
(Bridgeport  Meeting,  October,  1894.) 

During  the  months  of  June  and  July  of  the  present  year,  the 
writer  made  a  special  geological  survey  of  the  mining  property  of 
Messrs.  Cooper  and  Hewitt,  at  Ringwood,  New  Jersey.  Some  of 
the  results  of  this  survey  are  presented  to  the  society  through  the 
courtesy  of  Hon.  Abram  S.  Hewitt. 
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The  magnetite  iron-bearing  rocks  of  the  Archsean  highlands  of 
New  Jersey  and  of  New  York  and  Pennsylvania,  have  been  already 
described  by  the  writer*  as  belonging  to  the  Mt.  Hope  type.  This 
rock  consists  essentially  of  orthoclase  and  plagioclase  feldspar,  grains 
of  quartz,  and  occasionally  octahedral  crystals  of  magnetite,  as  well 
as  numerous  grains  of  the  same  mineral.  The  accompanying  min- 
erals are  zircon,  rutile  and  (rarely)  molybdenite.  Accompanying 
this  rock  is  another,  which  preserving  the  same  general  physical 
characteristics,  presents  some  slight  mineralogical  differences.  The 
feldspar  and  quartz  remain  the  same  in  quantity  and  general  ap- 
pearance; but  the  proportion  of  magnetite  grains  has  appreciably 
diminished,  and  in  their  places  the  basic  minerals,  hornblende  and 
biotite  appear,  This  rock  seems  to  graduate  from  the  first  described 
type  both  along  and  across  the  strike.  It  must  be  rigidly  excluded 
from  the  rock  which  in  the  papers  referred  to  has  been  described  as 
the  Oxford  type.  The  two  cannot  be  confused,  as  their  physical  and 
mineral  characteristics  are  easily  distinguishable  and  are  constant. 
The  latter  rocks  are  well  developed,  and  are  never  found,  in  the 
writer's  experience,  in  connection  with  the  iron-ore  deposits  of  the 
States  mentioned.  In  short,  so  striking  is  this  fact  that  they  are 
known  as  ''barren  rocks"  among  the  miners. 

Interstratified  with  the  Mt.  Hope  rock  at  Pungwood,  and  in  the 
above-mentioned  States  as  well,  are  found  all  of  the  great  iron-ore 
deposits.  Associated  with  the  iron-ore  deposits  are  highly  basic 
rocks  composed  of  pyroxene,  hornblende,  biotite  and  feldspar.  Free 
quartz,  except  that  which  is  evidently  secondary,  is  rarely  if  ever 
found.  Accompanying  this  bed  or  stratum  are  occasional  stringers 
of  iron-ore,  from  a  thickness  of  a  few  inches  down  to  narrow  bands 
where  grains  of  magnetite  are  scattered  irregularly  among  the  scales 
of  biotite,  pyroxene  or  hornblende,  or  where  all  four  of  these  minerals 
are  mingled  in  varying  proportions. 

In  many  of  the  larger  mines  like  the  Dickerson,  Mt.  Hope,  the 
Port  Oram  mines,  Hurdtown,  etc.,  the  lenses  of  iron-ore  lie  in  im- 
mediate contact  with  the  Mt.  Hope  type  of  rock  or  magnetite- 
gneiss.  At  other  mines,  the  ore-bodies  are  separated  from  this  rock 
by  strata  of  varying  thickness,  which  consist  almost  wholly  of  the 
kind  described  in  this  paper  where  magnetite  grains  appear  to  be 
replaced  by  scales  of  biotite.  This  is  especially  true  at  the  Peters 
mine.     (See  contour-map,  Fig.  1). 

*  Ann.  Rep.  Geol.  Sur.,  N.  J.,  1889,  p.  30 ;  and  Am.  Geol.,  July,  1S93,  p.  25. 
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Scale  1  Inch  -  1650  Feet. 
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The  position  of  the  ore-bodies  in  the  rock  is,  without  exception, 
that  of  exact  conformability  with  the  planes  of  stratification.  In 
other  words,  no  beds  of  iron-ore  have  been  observed  to  cut  across  the 
plane  of  bedding  as  they  would  do  in  case  of  their  secondary  origin, 
either  from  their  being  of  eruptive  origin  (an  idea  now  obsolete),  or 
from  having  been  deposited  in  veins  or  fissures  of  fractures.  It  is 
true  that  in  some  instances  the  workable  ore  oscillates  from  side  to 
side,  from  foot-  to  hanging-wall,  or  vice  versa,  and  consequently  lies 
at  a  steeper  or  a  flatter  angle  than  the  country-rock ;  but  this  oscil- 
lation may  result  from  two  causes.  In  the  first  place,  the  ore  may 
have  become  too  lean  to  pay  for  extraction,  and  being  left,  may  give 
the  appearance  of  a  flattening  angle;  or  secondly,  an  unequal  thin- 
ning of  the  ore-body  would  produce  the  same  result. 

With  regard  to  their  position,  referred  to  a  horizontal  plane,  it 
may  be  said  that  the  ore-bodies  occupy  the  same  relation  as  their 
enclosing  rocks.  The  strike  is  generally  northeast,  with  a  dip  to 
the  southeast  varying  from  40°  to  90°  and  a  northeast  pitch  vary- 
ing from  0°  to  75°.  Dip  and  strike  are  more  readily  observed  in 
the  country-rock,  owing  to  more  extended  outcrops,  while  the  pitch 
is  more  readily  noticed  in  the  bodies  of  ore. 

The  shape  of  these  ore- bodies  or  "shoots,"  as  they  are  commonly 
called  by  the  miners,  is  very  constant  except  as  to  size.  They  are 
usually  lenticular.  A  cross-section  of  an  ore-shoot  perpendicular 
to  its  strike,  somewhat  generalized,  is  shown  in  Fig.  6,  where  the 
letters  a-b  represent  a  plane  intersected  by  the  shoot  as  above  de- 
scribed. The  lenses  are  usually  compressed  in  places  along  the  line 
of  pitch  as  indicated  by  the  letters  c—d,  e-f.  A  longitudinal  section 
along  the  line  g-h  is  shown  in  Fig.  7.  In  fact  a  shoot  of  ore  may 
be  likened  to  a  series  of  elliptical  lenses,  fused  or  welded  together 
at  the  extremities  of  their  major  axes. 

For  any  given  outcrop  of  ore  there  may  be,  and  often  are,  more 
than  one  shoot  of  ore.  In  the  Peters  mine  at  Ringwood,  there  are 
three  such  shoots.  Two  of  these  shoots  lie  in  the  same  plane,  the 
third  lying  in  another  plane  in  the  hanging-wall,  as  is  shown  in 
Fig.  8.  These  shoots  appeared  outcropping  in  the  manner  shown 
by  Fig.  9.  This  general  description  will  apply  in  every  particular 
to  the  deposits  at  Ringwood.  Except  in  a  few  structural  points, 
composition  of  ore,  size  of  shoots,  etc.,  the  description  of  one  mine 
would  apply  to  all. 

At  Ringwood  no  one  of  the  ore-bodies  has  yet  been  completely 
exhausted.     There  are  twelve  mines  which  have  been  large  pro- 
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ducers,  some  of  them  with  histories  reaching  back  of  1760.*     All  of 
them  are  now   idle,  so  that  no  inspection  of  their  structure  is  at 


FOLDING   OF  THE    IRON  BEARING    ROCKS 
AND   THE    MAGNETITE    ORE    BEDS   AT 
RINGWOOD,    N.J,. 
From  Surveys  made  June  1891. 
The  heavy  black  spots  represent  Mines  actually  worked. 
Full  lines  represent  actual  rock  outcrops  where  dip, 
strike  and  pitch  were  observed,  dotted  lines,  conjectur- 
ed strikes  etc. 

The  dotted  and  full  lines  represent  the  intersection  of 
the  ruck  strata  with  a  horizontal  plane. 
Scale  1  Jnch=  1C87  Feet. 


present  possible,  save  in  those  mines  which  are  more  or  less  open  and 
above  the  level  of  standing  water.     From  the  study  of  the  Blue, 

*  For  a  description  of  these  mines  and  references  to  other  literature  see  Dr. 
Cook's  Geology  of  New  Jersey,  1868,  p.  546  et  seq. 
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Little  Blue,  Cannon,  London,  New  Cannon,  Bush  and  St.  George 
mines  the  following  facts  can  be  stated  : 

The  central  part  of  the  lenses  usually  carries  the  more  solid  ore. 
At  the  upper  and  lower  edges  of  the  lenses,  especially  the  lower 
edges,  the  ore  is  gradually  replaced  by  heavily  basic  minerals,  such 
as  black  pyroxene,  hornblende,  and  biotite,  with  thin  stringers  of 
iron-ore.  At  these  edges  and  at  the  contact  of  the  lenses  with  the 
foot-wall,  the  ores  begin  to  be,  in  many  places,  heavily  charged  with 
almost  pure  phosphate  of  lime,  in  compact  granular  masses. 

The  thickness  of  the  ore-bodies  or  lenses,  measured  from  foot-  to 
hanging-wall,  varies  from  6  to  50  feet.  From  cap-  to  bottom-rock 
the  distance  is  not  so  easily  determined  ;  but  in  the  case  of  the  Peters 
mine  the  major  axis  of  the  section  measured  about  100  feet  as  a 
maximum.  In  working  down  the  slope  of  No.  1  shoot  of  the  Peters 
mine,  the  mass  of  ore  took  approximately  the  shape  shown  in  Figs. 
6  and  7.  As  the  shoot  began  to  pinch,  as  is  shown  in  the  above 
sections  at  c-d,  e-f,  the  ore  began  to  be  replaced  by  the  basic  min- 
erals above  described.  Then,  after  passing  the  pinch,  the  ore  again 
widened  out  to  nearly  or  quite  its  normal  size  until  another  squeeze, 
when  the  same  phenomenon  was  repeated. 

Peters  shoot  No.  1  was  worked  for  a  distance  of  900  feet  on  the 
pitch  of  about  35°  to  the  N.E.  At  the  bottom  the  ore  is  reported  to 
have  grown  very  lean  in  places,  and  the  vein,  without  diminution 
in  size,  to  have  divided  into  narrow  stringers  of  ore,  interbanded 
with  strings  of  biotite,  pyroxene,  etc.  At  this  point  work  was 
abandoned. 

The  Hope  mines,  about  2400  feet  N.E.  of  the  Peters  mine,  have 
not  been  worked  for  a  long  time,  and  little  information  can  be  gained 
of  them.  From  what  could  be  observed  at  the  surface  and  from  the 
examination  of  the  waste-heaps,  the  characters  of  these  deposits  do 
not  differ  essentially  from  those  of  the  mines  described. 

By  consulting  the  accompanying  contour-map,  Fig.  1,  on  which 
the  mines  have  been  located  accurately  with  reference  to  each  other, 
it  will  be  seen  that  they  can  be  grouped  into  two  quite  distinct 
clusters.  Moreover,  these  two  groups  exhibit  some  distinct  structural 
differences.  For  convenience  of  description,  the  S.E.  group  will  be 
referred  to  as  the  Blue  Mine  group  ;  the  N.E.  as  the  Peters  Mine 
group. 

This  latter  group  is  shown  in  Fig.  4,  on  a  plane  dipping  S.E.,  at 
an  angle  varying  between  60°  and  80°,  with  an  average  of  about 
70°.     The  pitch  of  the  shoots,  with  one  exception,  averages  about 
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35°.  The  one  exception  is  the  Hope,  which  has  a  pitch  of  55°. 
This  exceptional  pitch  may  be  explained  on  the  supposition  that  the 
excess  over  the  average  of  35°  is  due  to  the  angle  of  original  deposi- 
tion, and  not  to  faulting  and  displacement.  It  is  believed  that  this 
assumption  can  be  readily  accepted,  since  the  rocks  on  the  slope  of 
Hope  Mountain,  only  a  few  feet  above  the  mine,  have  the  usual  pitch 
of  about  35°. 

At  the  Blue  Mine  group  a  very  different  set  of  conditions  prevails. 


VERTICAL   SECTION    ALONG    LINE    E-F   ON    CONTOUR    MAP    FIG.  1. 

CD,  Vertical  line .      A-B,  Present  contour  of  surface, 

Hocks  above  this  line  have  been  denuded. 

E-F,  Iron  bearing  strata.  Gil,  barren  sub-strata. 

II  Magnetite  iron  one 

Scale  1  Inch  =  1650  Feet. 

In  this  group  there  are  eight  distinct  mines.  All  of  them,  with  one 
exception,  have  a  dip  of  90°.  The  pitch  is  60°  N.E.  The  great 
difference  in  the  effect  of  the  pitch  in  these  two  groups  of  mines  may 
be  more  readily  appreciated  if  the  statement  be  made  in  another 
form.  On  a  pitch  of  35°  the  ore  goes  underground  at  the  rate  of 
1.5  feet  in  2  feet,  while  on  a  pitch  of  60°  the  ore  descends  at  the 
rate  of  3  feet  in  2  feet.  The  one  exception  to  the  rule  of  the  Blue 
Mine  group  is  an  unimportant  opening  near  the  Cannon  mine,  where 
the  pitch  is  45°,  the  dip  remaining  the  same. 

Between  these  two  groups  there  are  three  mines,  which  do  not  fall 
into  the  other  groups  and  do  not  form  a  group  by  themselves.    These 
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mines  are,  beginning  at  the  Bine  Mine  group,  the  Bush,  the  Keeler, 
Miller  and  St.  George,  and  the  Cooper  mine,  just  south  of  the 
Peters.  The  dip  of  the  Bush  mine  is  70°,  pitch  45°,  of  the  Keeler, 
Miller  and  St.  George  (all  on  the  same  line  of  attraction)  the  dip  is 
63°  and  the  pitch  40°,  while  the  dip  and  pitch  of  the  Cooper  are 
about  the  same  as  that  of  the  Peters  group.  Thus  these  intermediate 
mines  seem  to  be,  in  some  way,  the  connecting  link  between  the  two 
groups  of  mines  described.  The  reason  for  this  assumption  will  be 
pointed  out  later  on. 

The  mine-rocks  accompanying  these  two  groups  are  as  noticeable 
as  is  the  difference  in  amount  of  pitch  and  dip.  In  the  Peters  Mine 
group  there  are  occasional  small  stringers  and  bunches  of  pegmatite- 
granite,  but  the  total  amount  is  small,  as  compared  with  the  regular 
mine-rock.  This  rock  (the  mine-rock)  is  not  badly  crushed  and 
broken,  but  as  the  great  length  of  the  ore-shoot  seems  to  indicate, 
reaches  for  long  distances  little  broken.  While  granite  appears  on 
the  sides  of  both  Whaleback  and  Hope  mountains,  it  is  not  in  great 
abundance.  Though  in  places  it  is  difficult  to  make  out  either  the 
dip,  pitch  or  strike,  yet  when  either  or  all  of  these  are  observed,  they 
do  not  depart  more  from  the  normal  direction  than  might  be  expected 
in  such  rocks.  No  minerals  are  found  in  the  mines,  except  those 
which  have  already  been  mentioned  as  occurring  in  such  ore-deposits. 

At  the  Blue  Mine  group  there  is  a  very  decided  difference.  The 
mine-rock  is  shattered  and  broken ;  the  ore-shoots  are  faulted  and 
slipped,  and  are  b£nt  aside  from  their  normal  strike  for  short  dis- 
tances. The  crevices  of  the  shattered  mine-rock  are  filled  with 
coarse  pegmatite-granite.  A  bright  salmon-colored  feldspar  occurs 
in  great  masses,  and  large  pyroxene  crystals  from  1  to  6  inches  in 
length  are  formed,  partly  in  the  quartz  and  partly  in  the  feldspar. 
In  the  clear,  glassy  quartz  are  frequentl}'  found  large  tabular  crys- 
tals of  orthoclase.  In  the  slips  or  "  vugs"  of  the  mine-rock  aud  of 
the  country-rock  adjoining,  the  following  minerals,  in  small  but  very 
perfect  crystals,  have  been  found  :  flesh-colored  stilbite  in  large  ra- 
diated clusters;  epidote,  crystalline,  massive,  and  in  small  but  very 
fine  crystals  ;  heulandite  in  tabular  crystals ;  calcite  or  dog-tooth 
spar,  "  bergkork,"  "  mountain  leather,''  asbestos  and  rutile.  These 
minerals  are  all  of  secondary  origin,  and  their  constituents  were  de- 
rived, probably.,  from  the  decomposition  of  the  containing-rocks 
under  the  combined  influences  of  heat  and  pressure. 

The  surrounding  country-rock  is  also  much  broken  and  displaced 
by  granitic  rocks.     Along  the  southwestern  side  of  the  mines,  nearly 
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parallel  with  the  brook  shown  on  the  contour-map,  Fig.  1,  the 
granites  are  also  very  abundant.  From  this  point,  and  running 
nearly  due  north  along  the  western  slope  of  Mine  hill,  near  the 
point  H  on  the  map,  granite  seems  to  be  the  most  abundant.  At 
this  point  (H)  nearly  the  whole  surface  is  covered  with  soil,  and 
the  nature  of  the  rocks  cannot  be  determined.  To  the  west  of  the 
wood-road,  southwest  from  the  mines,  the  same  thing  is  true.  The 
ground  here  is  swampy. 

In  spite  of  the  abundance  of  granite  and  the  crushed  and  broken 
appearance  of  the  gneiss  in  the  vicinity  of  the  Blue  Mine  group, 
careful  observation  shows  a  very  decided  and  persistent  structure. 


PLAN    OF  THE   ORE-SHOOTS   OF  THE    PETERS    GROUP 
1,  Peters  Mine;      2,  Hope  Mine; 
1,  2,  3,  the  three  Ore-Shoots  of  the  Peters  Mine. 
ED,  Vertical  depth  to  ivhich  Shoot  No.  1  has  been  worked. 
(Length  of  shoots  over  200  feet  conjectural,  except  at  Peters  Mine- 
Scale  1  Inch  =  1650  Feet. 

Beginning  at  the  point  K  (contour-map,  Fig.  1),  the  rocks  show  a 
decided  parallelism  as  to  strike  with  that  of  the  Bush  mine  (No.  7 
on  the  map).  Although  the  outcrop  is  not  continuous,  occasional 
spots  are  bare  of  soil,  showing  a  persistent  and  tolerably  regular 
strike,  varying  only  from  5°  to  10°,  to  a  point  about  330  feet  south- 
east of  where  the  line,  E  F,  crosses  K  J.  At  this  point  the  strike  of 
the  rocks  begins  to  bear  to  the  eastward,  and  near  the  point  J  they 
have  nearly  a  northwest-southeast  strike.  There  is  a  very  promi- 
nent outcrop  at  this  point,  the  rocks  projecting  from  the  surface  to 
a  height  of  about  1 2  feet.  There  is  a  succession  of  these  rocky,  pre- 
cipitous bluffs,  extending  parallel  to  the  line,  E  F,  for  a  distance  of 
about  1300  feet,  and  200  feet  southwest  of  the  point  J.  Following 
this  bluff  around  to  a  point  150  feet  north  of  the  point  J,  the  rocks 
resume  their  normal  northeast  strike.  A  very  important  fact  to  be 
noted  is,  that  in  the  vicinity  of  the  point,  J,  the  pitch  of  the  rocks 
has  entirely  disappeared.  In  other  words,  the  pitch  and  the  dip 
have  become  one  and  the  same  thing. 
vol.  xxiv.—  33 
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At  the  points  I  and  H,  the  rocks  are  deeply  covered  with  glacial 
drift,  and  neither  the  dip  nor  strike  can  be  observed.  Along  the 
mines  3  and  4  (Keeler  and  St.  George),  there  are  places  where  both 
can  be  observed.  The  dip  is  63°  southeast,  and  the  pitch  40° 
northeast.  Along  the  line  E  G,  on  Whaleback  mountain,  the  dips 
and  strikes  are  normal.  On  the  east  side  of  Mine  hill  the  strike  is 
north  20°  west,  and  the  dip  35°  towards  the  east  and  20°  north. 
Near  the  point,  H,  on  the  curve,  the  rocks  strike  due  northwest,  the 
pitch  and  dip  becoming  the  same;  that  is,  40°  to  the  northeast. 
South  of  this  the  strike,  though  not  very  distinct,  appears  to  be 
north  and  south. 

From  these  observations,  the  curved  line,  G  H  I  J  K,  represent- 
ing the  course  of  the  strike  of  the  rocks,  was  platted  on  the  map, 
showing  the  probable  relations  of  the  mines  to  each  other  and  to  the 
surrounding  country.  Fig.  2  shows  the  completed  curve  of  foldings, 
as  the  outcrops  of  the  dipping  and  pitching  rocks  intersect  the  plane 
of  the  horizon.  The  full  lines  represent  the  strike  of  the  rocks  as 
actually  observed  ;  the  dotted  lines  are  deduced  from  the  known 
strikes. 

From  this  figure,  if  it  rightly  represents  the  folds  in  the  rocks,  it 
will  be  seen : 

1.  That  the  Peters  Mine  group,  the  Keeler  and  St.  George  mines, 
and  the  Blue  Mine  group  were  originally  in  the  same  horizontal 
plane  or  bed  of  iron-bearing  gneiss. 

2.  That  they  were  afterwards  folded,  making  a  sharp  synclinal  at 
the  Blue  Mine  group;  an  anticlinal,  in  the  western  slope  of  which 
lie  the  Keeler  and  St.  George  mines ;  and  a  synclinal  fold,  on  the 
western  slope  of  which  lies  the  Peters  Mine  group. 

3.  That  afterwards,  or  during  the  process  of  folding,  the  rocks 
were  faulted  or  broken  in  a  northwest-southeast  direction,  and  the 
folds  given  a  tilt  or  pitch  to  the  northeast. 

4.  Finally,  partly  by  weathering,  but  more  largely  by  glacial 
action,  these  folds  were  reduced  to  their  present  contours. 

It  will  doubtless  be  noted  in  this  connection,  that  all  of  the  iron- 
beds  cannot  possibly  be  aligned  in  the  same  single  stratum.  In  the 
Blue  Mine  group,  for  instance,  the  Blue  mine  and  Mule  mine  (see 
Fig.  10)  form  a  tolerably  correct  alignment,  while  nearly  parallel,  and 
separated  by  only  90  feet  of  rock,  lie  the  Little  Blue  and  Red  mines. 
Again,  on  the  western  side  of  the  group,  the  Cannon  and  London 
(the  two  are  practically  one  and  the  same  shoot  of  ore)  are  parallel 
to  the  New  Cannon.     Farther  to  the  northeast,  the  Bush   mine  is 
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separated  by  about  100  feet  of  rock  from  a  series  of  openings  to  the 
south  of,  and  nearly  parallel  to,  it  (see  Fig.  10). 


Fig.  5. 


SECTION    OF  ORE-SHOOTS   FAULTED   AND   UN  FAULTED* 

The  full  lines  represent  the  probable  position  of  the  Shoots 
after  Faulting. 

The  dotted  lines  represent  the  Ore-Shoots  if  Unfaulted. 
The  Vertical  lines  represent  Planes  of  Slip 
Scale  1  Inch  =  220  Feet. 


If,  now,  we  should  flatten  out  the  fold  of  the  Blue  Mine  group, 
we  should  find  the  Blue  and  the  Little  Blue  lying  on  one  side  of  a 
plane  or  stratum  of  rock,  while  the  Cannon  and  London  would  lie 
on  the  other.     The  Blue  and  Red  mines  would  be  separated  verti- 
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cally  by  at  least  90  feet  of  rock.  This  would  simply  mean  that 
during  the  deposition  of  the  iron-bearing  strata,  conditions  were 
successively  favorable  and  unfavorable  for  the  deposition  of  beds  of 
pure  magnetite.  If,  now,  we  refer  to  the  Peters  Mine  group,  we 
shall  see  that  mine  8  (the  Cooper  mine)  is  separated  from  the 
Peters  mine  by  a  distance  of  about  500  feet.  This  would  mean 
that  the  iron-ore-bearing  strata  are  in  this  place  at  least  600  feet  in 
thickness,  and  probably  much  thicker.  The  fact  that  the  indi- 
vidual shoots  of  ore  do  not  lie  in  the  same  stratum  is  also  illus- 
trated in  Fig.  8  (vertical  cross-section  of  Peters  mine),  where  it 
will  be  seen  that  shoot  No.  1  lies  in  the  hanging-wall  and  wholly 
outside  the  stratum  in  which  occur  shoots  Nos.  2  and  3  of  the  same 
mine. 

A  vertical  cross-section  through  the  Blue  Mine  group  along  the 
line  E  F  (see  contour-map,  Fig.  1),  shows  the  probable  shape  of 
the  folds  before  they  were  swept  away  by  erosion.  The  four  black 
dots  on  the  lower  side  of  the  line  A  B,  Fig.  3,  show  the  position 
at  this  point  of  the  Blue  Mine  group.  A  reference  to  the  contour- map 
will  show  that  the  folds  at  the  Blue  Mine  group  and  between  this 
and  the  Keeler  mines  must  have  been  very  tight,  while  the  fold  be- 
tween the  Keeler  mine  and  the  Peters  group  must  have  been  less 
compressed.  The  ratio  of  thickness  among  these  three  groups: 
Blue,  Peters  and  Keeler,  is  nearly  f  :  1  :  2J.  Another  very  conclu- 
sive reason  for  assuming  a  tight  fold  at  the  Blue  Mine  group  is  the 
position  and  condition  of  the  ore-shoots  and  the  surrounding  rocks. 
As  has  already  been  remarked,  the  ore-shoots  and  the  accompanying 
rocks  are  quite  vertical,  and  both  are  badly  crushed  and  shattered 
and  are  filled  with  granite  rocks.  These  are  the  usual  accompani- 
ments of  great  disturbances. 

It  will  also  be  noticed  that  the  Blue  Mine  group  is  the  only  one 
represented  along  the  line  of  section  and  at  the  present  surface.  The 
reason  for  this  is  quite  evident.  Carrying  the  Keeler  and  St.  George 
mine  out  to  the  line  E  F  (contour-map)  on  the  angle  of  pitch,  they 
would  intersect  the  vertical  plane  of  E  F  at  about  1000  feet  above 
the  present  surface.  The  trough  of  the  Peters  synclinal  would  in- 
tersect the  same  plane  at  an  altitude  of  about  700  feet.  The  Peters 
ore-shoot,  if  carried  to  the  point  of  intersection  with  this  same  plane 
at  the  angle  of  its  present  pitch,  would  intersect  this  plane  at  a 
height  of  about  2300  feet  above  the  present  surface.  It  is  therefore 
assumed  that  the  rock  which  actually  reaches  the  surface  along  this 
line  is  the  barren  substrata,  G  H  (Fig.  3).     As  has  already  been 
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pointed  out,  this  is  not  a  baseless  assumption.     A  careful  study  of 
dips,  strikes  and  pitches  warrants  this  conclusion. 

Again,  the  fact  that  no  apparent  deposits  of  ore  are  found  from 
the  Peters  mine  around  the  curve  at  H  and  to  the  St.  George  mine 
(No.  4,  contour-map)  does  not  militate  against  this  theory.     It  only 


OUTCROP  SHOWING  RELATIVE    POSITION 

•    OF  ORE-SHOOTS  AT    PETERS  MINE, 

(Dotted  lines  show  pitch) 


VERTICAL  CROSS-SECTION   IN   PETERS  MINE, 
SHOWING     POSITION    OF  ORE-SHOOTS, 


forces  us  to  either  of  two  conclusions.  First,  that  there  are  no 
deposits  between  these  two  points,  or,  secondly,  that  such  deposits 
exist  but  are  too  deeply  buried  to  manifest  themselves  either  to  the 
eye  or  by  means  of  a  dipping  needle. 

At  the  Blue  Mine  group,  as  has  already  been  stated,  the  pitch  of 
the  ore  bodies  is  60°.  The  section-line  crosses  this  group  600  feet 
from  the  southern  point  of  the  group.    On  this  pitch  the  mines  at  the 
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section-line  ought  to  be  at  a  depth  of  1155  feet.  At  the  point  of  in- 
tersection, they  come  to  the  surface,  or  at  least  there  are  ore-deposits 
at  the  surface.  One  of  two  conclusions  must  certainly  be  accepted 
iu  this  case.  First,  that  there  are  several  shoots  of  ore  lying  one 
above  the  other,  as  is  shown  at  the  Peters  mine;  or,  secondly,  that 
the  same  shoots  of  ore  are  repeatedly  brought  to  the  surface  by  fault- 
ing (see  Fig.  5).  From  an  a  priori  standpoint  the  first  position  is 
as  tenable  as  the  second.  Even  by  analogy  there  are  facts  to  warrant 
this  conclusion  ;  for  it  is  indisputably  true  that  there  are  many  mines 
in  the  State  where  it  is  very  evident  that  there  are  several  shoots  of 
ore  lying  one  above  the  other,  as  at  the  Peters  mine.  Taking  all  of 
the  facts  together,  however,  the  second  conclusion  seems  to  be  the 
more  tenable.  The  strongest  point  in  favor  of  this  is  the  fact  that 
at  the  Blue  mine  the  pitch  is  60°  while  at  the  Bush  mine,  900  feet 
distant,  the  pitch  is  43°.  Several  test-pits,  less  than  500  feet  distant 
from  the  Blue  mine,  show  a  pitch  of  about  40°.  This  sudden  and 
great  change  in  the  amount  of  pitch,  taken  in  connection  with  known 
slips  or  faults  in  the  workings  of  the  older  mines  (the  Blue,  Hard, 
Mule,  Cannon,  etc.),  and  the  generally  disturbed  condition  of  the 
rocks,  makes  the  second  conclusion  almost  the  only  admissible 
one. 

Between  Whaleback  and  Hope  mountains  one  would  naturally 
expect  to  find  some  evidence  of  faulting.  If  faults  do  exist,  how- 
ever, they  are  south  of  the  Peters  mine,  and  the  evidence  is  deeply 
buried  beneath  glacial  drift.  There  is  certainly  no  evidence  of  fault- 
ing, except  on  a  small  scale  in  the  Peters  mine.  This  shoot  of  ore, 
as  shown  in  Fig.  4,  has  been  worked  for  900  feet  on  the  slope  to  the 
point  D.  Along  the  eastern  slope  of  Hope  mountain,  also  shown  in 
Fig.  4,  there  are  numerous  openings  so  related  to  each  other  as  to 
suggest  the  possibility  that  each  was  but  the  faulted  end  of  the  other, 
by  this  means  successively  brought  to  the  surface.  However  this 
may  be,  there  are  no  signs  of  such  faults,  either  in  the  small  work- 
ings, or  in  the  extensive  rock-outcrops  on  the  mountain. 

To  sum  up  briefly  in  regard  to  the  structure  of  the  Ringwood 
mines,  it  is  showu  that  the  Blue  Mine  group  lies  in  a  tightly  com- 
pressed synclinal  fold,  which  pitches  to  the  N.E. ;  that  the  St.  George 
and  Keeler  mines  lie  on  the  western  slope  of  an  anticlinal  fold;  and 
that  the  Peters  Mine  group  lies  on  the  western  slope  of  a  syncline. 
These  folds  are  overthrow-folds  so  that  all  of  the  mines  are  either 
vertical  or  have  a  S.  E.  dip.  It  is  farther  shown  that  the  Blue  Mine 
group  is  broken  by  faults,  and  that,  probably,  no  such   faults  exist 
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Fig.  10. 
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Little  Blue  Mine 
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PLAT    OF    THE    BLUE    MINE    GROUP. 

Showing  that  the  beds  of  ore  do  not  lie  in  the  same  plane  or  l 
stratum,  and  indicating  the  curve  or  fold  platted  inJHg.-2, 


in  the  Peters  group, 
wards  of  600  feet. 


Scale.!  Inch  =*630  Feets 

The  thickness  of  the  iron-bearing  strata  is  up- 
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The  practical  conclusions  which  may  be  drawn  from  these  facts 
are  as  follows : 

In  the  first  place,  if  it  is  true  that  the  anticlinal  and  synclinal  folds 
reached  the  vertical  elevation  shown  in  Fig.  3,  the  Blue  Mine  group 
must  have  also  suffered  erosion  in  the  same  proportion  as  the  others. 
The  outcrops  of  this  group  show  that  when  denudation  ceased,  it  left 
surface-outcrops  of  large  dimensions.  It  would  seem  tolerably  safe 
to  conclude  that  at  least  50  per  cent,  of  these  large  shoots  were  swept 
away. 

Secondly,  the  Blue  Mine  group  is  probably  very  near  the  bottom 
of  the  iron-bearing  strata.  Add  to  this  the  fact  that  the  rocks  are 
badly  shattered  and  faulted  ;  and  it  is  doubtful  if  any  large  de- 
posits of  ore  are  left.  There  may  be  some  comparatively  large 
pocket-like  deposits,  but  none  of  them  would  be  apt  to  exist  of  suffi- 
cient size  to  warrant  either  extensive  prospecting,  shaft-sinking,  or 
expensive  plants  to  win  the  ore. 

Thirdly,  while  the  Bush  mines,  together  with  the  St.  George  and 
Keeler,  have  not  the  points  which  make  against  the  Blue  Mine  group, 
yet  their  positions  in  the  folds  are  such  as  to  make  prospecting  very 
difficult  and  precarious,  at  least,  except  within  narrow  limits,  close  to 
the  known  ore-bodies. 

Fourthly,  the  conditions  which  make  prospecting  undesirable  at 
the  above-named  localities  are  all  reversed  in  the  Peters  group.  Here 
the  long  reach  of  ore-bearing  rock  which  stretches  for  over  3300  feet 
along  the  eastern  foot  of  Hope  mountain  seems  to  give  promise  of 
other  ore-deposits  than  the  Peters  mine,  which  has  been  a  large  pro- 
ducer for  so  long  a  time.  The  steady  pitch  and  dip  of  the  out- 
cropping ore-shoots  and  the  enclosing  rocks  give  exceptional  advan- 
tages to  the  engineer  for  calculating  the  depth  to  which  either 
drill-holes  or  test-shafts  would  have  to  be  sunk  in  order  to  prove  any 
given  outcrop.  In  addition,  the  chance  is  by  no  means  small  that 
among  these  numerous  outcrops  there  may  be  large  bodies  of  ore  which 
make  no  surface-showing. 

The  junction  of  two  or  three  of  these  shoots  beneath  the  surface 
(and  there  are  indications  that  the  Hope  mine  shoot  will  thus  run  into 
the  one  south  of  it;  see  Fig.  4,  Hope  mine)  would  seem  almost 
sure  to  result  in  an  enlarging  of  the  joined  shoots  to  a  workable 
size. 

At  least,  if  business  conditions  ever  resume  a  more  favorable 
aspect,  the  chances  of  success  will  warrant  the  outlay  for  pros- 
pecting. 
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In  conclusion,  I  wish  to  acknowledge  the  assistance  of  Mr.  R.  K. 
Painter,  who  located  the  mines  on  the  accompanying  maps  by  transit 
survey.  I  am  also  indebted  to  him  for  the  drawings  for  this  paper, 
which  he  made  from  sketches  furnished  by  the  writer. 


NOTES  ON  THE  STRUCTURE  OF  THE  FRANKLINITE  AND 
ZINC-ORE  BEDS  OF  SUSSEX  COUNTY,  NEW  JERSEY. 

BY  WILLIAM  P.  BLAKE,  NEW  HAVEN,  CONN. 

(Bridgeport  Meeting,  October,  189-i.) 

In  the  recent  litigation  for  the  possession  of  franklinite  by  one 
party  and  of  zinc-ore  by  the  other  party,  it  was  shown  by  the  evi- 
dence of  experts  familiar  with  the  original  condition  of  the  outcrops 
that  at  Mine  Hill  a  more  or  less  distinctly  denned  layer  of  red  zinc- 
ore  underlay  the  heavier  and  larger  body  of  the  franklinite,  so-called  ; 
this  layer  or  bed  of  zinc-ore  dipping  under  the  franklinite  upon 
the  western  cropping,  while  at  Stirling  Hill,  two  miles  south,  the 
conditions  were  apparently  reversed,  the  , zinc-ore  overlying  the 
franklinite. 

An  explanation  being  required,  it  was  shown,  first,  that  at  both 
places,  at  Mine  Hill  on  the  north  and  at  Stirling  Hill  on  the  south, 
the  ore-bed  lies  in  a  synclinal  or  trough-like  fold  with  the  red  zinc- 
ore  under  the  franklinite;  and  secondly,  that  at  Mine  Hill,  we  see 
chiefly  the  outcrop  of  the  western  part  of  the  folded  bed  and  at 
Stirling  Hill  the  eastern  part ;  the  Mine  Hill  cropping  being  on  the 
western  slope,  and  the  Stirling  Hill  cropping  on  the  eastern  slope  of 
the  hill.  Thus  the  "back  vein"  at  Stirling  (the  western  outcrop) 
corresponds  with  the  front-vein  at  Mine  Hill,  and,  like  it,  has  the 
red  zinc-ore  on  the  foot-wall,  while  the  front-vein  or  eastern  crop- 
ping at  Stirling  corresponds  to  the  back- vein  or  eastern  cropping  at 
Mine  Hill  in  the  part  of  the  bed  generally  known  as  the  "  buck- 
wheat-field vein."  If  the  ore-bed  were  continuous  in  one  synclinal 
trough  between  the  two  localities,  no  further  explanation  would  be 
required.  But  it  is  not  so  ;  and  the  synclinal  folds  at  both  places 
pitch  steeply  to  the  north,  bringing  the  beds  to  the  surface  in  horse- 
shoe-like curves  at  their  southern  ends  or  croppings,  and  carrying 
the  beds  far  below  the  surface  northwards.     This  justifies  a  doubt 
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whether  the  two  localities  were  ever  connected  in  ore,  and  raises  the 
question  whether  or  not  the  deposits  were  formed  under  similar  con- 
ditions in  independent  basins.  The  possibility  of  a  series  of  trans- 
verse faults  is  also  suggested  by  the  steep  northward  pitch  of  the 
trough  at  Stirling,  which,  for  a  part  of  its  length,  is  over  60  degrees. 
But  neither  of  these  hypotheses  will  so  satisfactorily  explain  the  con- 
ditions as  the  assumption  that  we  find  in  Mine  Hill  and  Stirling 
Hill  the  remnants,  only,  of  a  much  more  extended  bed  of  ore,  which 
formerly  existed  in  a  series  of  synclinal  and  anticlinal  folds,  and  the 
greater  portions  of  which  have  been  denuded  and  swept  away,  leav- 
ing only  the  deeper  seated  portions  of  the  lowest  folds  or  troughs — 
the  roots,  so  to  speak,  of  the  deposits,  as  they  originally  existed 
when  first  upraised  and  plicated. 

The  plicated  or  folded  structure  of  these  deposits  was  recognized 
and  announced  by  me  as  early  as  1858  as  follows: 

"This  last  examination  [in  November,  1858],  leads  me  to  conclude  that  these 
ores  are  in  vast  beds  like  coal  beds,  rather  than  in  veins  or  lodes.     They  present 

evidences  of  plication  or  folding  as  in  the  anthracite  coal  region The  ore  is 

evidently  metamorphosed,  as  are  the  rocks  in  which  it  is  enclosed.  The  extent  of 
this  metamorphism  is  such  that  the  minerals  appear  to  have  arranged  themselves 
in  parallel  belts  or  layers,  generally  lenticular  in  form,  as  in  all  highly  metamor- 
phosed sediments.  This  fact  at  once  shows  the  uncertainty  of  any  particular  char- 
acter of  ore  being  continuous  from  one  end  of  the  beds  to  the  other,  or  up  and  down 
in  depth.  The  masses  of  willemite  which  we  find  on  Mine  Hill,  and  on  Stirling 
Hill  also,  have  this  lenticular  character,  and  thin  out  in  some  places  to  mere  sheets. 
On  Stirling  Hill,  the  segregation  of  minerals  is  more  perfect  than  on  Mine  Hill." 

In  the  geological  section  accompanying  the  above  testimony  as 
to  the  structure  of  the  ore-bed  and  the  distribution  of  the  ores  in 
lenticular  masses,  the  folded  structure  is  indicated  by  the  syn- 
clinal trough  nearly  as  it  has  been  proved  to  exist  by  subsequent 
developments.  A  short,  sharp  anticlinal  fold  is  also  shown  upon 
the  eastern  margin  of  the  croppings,  near  the  surface,  or  where 
work  in  the  back-vein  or  eastern  outcrop  had  commenced.  It 
has  since  been  mined  away  at  that  place  ;  but  the  same  fold  is 
still  visible  in  the  ore-bed  at  a  greater  depth  upon  the  pitch,  as  a 
highly-compressed  or  collapsed  anticlinal,  without  any  intervening 
rock,  as  shown  by  the  drawings  in  the  memoir  by  Prof.  Kemp,f 


*  The  Franklinite  Case.  Testimony  of  W.  P.  Blake  before  Washington  B.  Wil- 
liams, Master  in  Chancery.     Exhibit  No.  4,  pages  338-346.     December  11,  1858. 

t  J.  F.  Kemp :  "  The  Ore  Deposits  at  Franklin  Furnace  and  Ogdensburg,  N.  J." 
Trails.  N.  Y.  Acad.  Set.,  xiii.,  76-98,  November  20,  1893. 
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and  in  the  paper  by  Prof.  Nason,*  both  of  which  may  be  consulted 
to  advantage. 

In  a  review  of  the  subject  upon  the  ground  in  the  month  of  May 
last,  the  conditions  seemed  to  indicate  the  former  existence  of  at  least 
one  anticlinal  fold  between  the  two  localities  and  their  former  con- 
tinuity. A  section  corresponding  to  that  given  in  Fig.  1,  was  placed 
upon  the  blackboard  before  the  court,  in  illustration  of  the  probable 
former  conditions  and  of  the  appearance  of  the  red  zinc-ore  above 
the  franklinite  at  Stirling  Hill  and  under  it  at  'Mine  Hill.  The 
section  is  diagrammatic,  not  to  scale,  and  projects  the  section  at 
Stirling  and  that  at  Mine  Hill  upon  the  same  plane,  although,  as 
stated,  they  are  widely  separated.     While  there  may  have  been  sev- 


Fig.  1. 


\ 


<^V 


STIRLING      HILL 

Composite  Diagrammatic  Section. 


MINE      HILL 


eral  minor  folds  between  the  two  places,  only  one  is  indicated,  for 
the  sake  of  simplicity  in  illustration.  By  following  the  broken  lines 
it  will  be  seen  that  the  bed  of  red  zinc-ore  which  overlies  the  frank- 
linite at  Stirling  would  of  necessity  underlie  the  franklinite  at  Mine 
Hill. 

All  the  rock  formations  and  ores  which  formerly  existed  to  an 
unknown  height  above  the  present  surface  are  supposed  to  have  been 
swept  away  to  the  southward  by  the  ice  in  the  glacial  period.  That 
there  is  an  enormous  quantity  of  well-rounded  boulders  of  ore  in  the 


*  F.  L.  Nason  :  "  The  Franklinite  Deposits  of  Mine  Hill,  Sussex  County,  N.  J." 
Trans.,  xxiv.,  12'.     See  also  American  Geologist,  April,  1891. 
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glacial  drift  is  well  known.  They  are  spread  for  miles  southward 
throughout  the  valley,  and  even  upon  the  flanks  of  the  granitic 
mountains,  to  a  height  of  500  to  600  feet.  Considerable  quantities 
have  been  gathered  up  and  shipped  away.  Shipments  are  now  being 
made  from  an  immense  accumulation  of  boulders  at  the  southern 
portion  of  Stirling  Hill.  One  mass  near  Sparta,  a  quarter  of  a  mile 
from  the  limestone  rocks,  and  resting  upon  the  granitic  rocks,  con- 
tains, by  general  estimate,  thousands  of  tons.  Considerable  quanti- 
ties have  been  blasted  from  it  and  taken  away.  We  may  be  sure 
that  for  every  transported  boulder  of  ore  found  on  the  surface  there 
are  hundreds  buried  from  view  in  the  moraines  and  the  alluvions  of 
the  valley. 

In  the  section  the  representation  of  the  intrusive  crystalline  rocks 
has  been  purposely  omitted.  The  rocks  shown  are  the  crystalline 
white  limestones,  both  above  and  below  the  ore-bed,  and  in  addition, 
an  indication  of  the  "syenite,"  so-called,  upon  the  western  slope  of 
Mine  Hill.  This  rock  is  gueissic  but  very  hard  and  compact,  and 
is  doubtless  a  highly  metamorphosed,  mechanically-formed  rock, 
Archaean  in  age,  and  conformable  with  the  limestones,  which  are, 
apparently,  of  the  same  ancient  age.  It  is  important  to  note,  that 
in  the  open  cut  upon  the  Passaic  Company's  property  at  Stirling 
Hill  there  is  an  outcropping  ridge  of  gneissic  rock,  the  relations  of 
which  to  the  ore-bed  are  not  clearly  made  out,  but  which  appears  to 
be  to  the  eastward  of  the  syncline  shown  in  the  section.  It  is  litho- 
logically  identical  with  the  syenitic  gneiss  of  Mine  Hill. 

The  bed  of  magnetite  underlying  the  franklinite  and  zinc-ore  of 
Mine  Hill  has  been  shown  to  be  conformably  folded.  Its  cropping 
extends  nearly  half  a  mile  south  of  the  south-end  of  the  franklinite 
syncline.  There  are  indications  of  an  outcrop  of  magnetite  towards 
the  southwest  end  of  the  Stirling  Hill  syncline,  but  it  is  not  certain 
whether  the  croppings  are  in  place  or  are  merely  boulders,  as  no 
excavations  have  been  made.  The  bed  of  magnetite  is  not  repre- 
sented on  the  section,  but  its  preseuce  at  Mine  Hill,  nearly  on  the 
plane  of  contact  between  the  white  crystalline  limestone  and  the 
gneissic  rock,  and  its  plication  with  the  limestone,  favor  the  belief 
of  the  complete  conformity  of  the  formations  and  their  identity  in 
age.  It  is  not,  however,  the  purpose  of  this  present  paper  to  discuss 
that  question,  which  is  reserved  for  another  communication. 
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AL  UMIN  UM-BB  OXZE. 

BY   LEONARD   WALDO,  BRIDGEPORT,  CONN. 

(Virginia  Beach  Meeting,  February,  1894). 

Probably  some  of  the  views  advanced  in  this  paper  will  appear, 
from  a  metallurgical  standpoint,  little  less  than  revolutionary.  It 
is  with  considerable  hesitancy  that  I  venture  to  offer  a  few  thoughts 
concerning  what  seems  to  me  to  be  perhaps  the  most  important  de- 
velopment of  metallurgy  since  the  introduction  of  Bessemer  steel. 

Dr.  John  Percy,  with  that  rare  insight  which  characterizes  the 
epoch-making  man,  described  in  a  communication  to  the  Royal  So- 
ciety, about  1855,  an  alloy  of  aluminum  and  copper  which  he  called 
aluminum-bronze.  The  name  has  "stuck."  The  term  "bronze" 
has  been  so  variously  used  that  I  confess  I  do  not  know  exactly 
what  constitutes  a  bronze ;  but  I  know  that  in  the  great  materials 
of  engineering  simplicity  of  composition  is  a  cardinal  excellence; 
and  I  wish  to  venture  the  suggestion  that  aluminum-bronze  is  not 
an  alloy  of  aluminum  and  copper  in  any  such  sense  as  the  com- 
pounds of  tin  and  zinc  with  copper  (except  the  copper-tin  com- 
pound SnCu3)  are  alloys.  There  are  several  reasons  which  lead  me 
to  this  view. 

In  the  first  place,  if  a  series  of  bars  be  prepared  containing  varying 
percentages  of  aluminum  and  copper,  and  the  electrical  conductivity 
of  these  bars  be  carefully  determined,  a  curve  of  conductivity  will 
be  obtained,  as  shown  in  Fig.  1,  which  represents  the  result  of  such 
experiments.  While  I  am  not  sure,  at  this  time,  that  the  values  of 
conductivity  shown  in  this  diagram  are  wholly  dependent  upon  the 
percentage  of  aluminum  added,  the  assumption  is  a  probable  one; 
and  the  curve  indicates  that  an  extremely  small  percentage  of  alumi- 
num affects  the  conductivity  in  a  ratio  out  of  all  proportion  to  the 
amount  of  that  metal. 

Another  reason  is  drawn  directly  from  experience  in  the  foundry. 
If  we  take  from  the  furnace  a  crucible  containing  melted  aluminum 
and  one  containing  melted  copper,  both  at  a  little  more  than  a  red 
heat,  and  pour  them   together,  the  reaction   is  so  intense  that  the 
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metals  are  brought  to  a  state  of  ebullition,  the  crucible  becomes 
white  hot  from  it,  and  you  have  evidence  of  intense  chemical  activity. 


Fig.  I. 
Percentage  of  Conductivity:  Pure  Copper— 100. 

50  CO  70  80  90  100 


CURVE    SHOWING    THE    EFFECT    OF    SMALL    PERCENTAGES    OF    ALUMINUM    ON 
THE    ELECTRICAL   CONDUCTIVITY    OF    COPPER. 

A  third  reason  which  I  have  for  thinking  that  chemical  union  has 
taken  place  between  the  aluminum  and  the  copper  is  that  there  is  no 
known  simple  method  of  separating  the  aluminum  from  the  copper 
when  they  have  been  thus  combined.  If  you  take  a  large  billet  of 
copper  to  which  less  than  ten  percent,  of  aluminum  has  been  added, 
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you  can  find  no  evidence  whatever  of  the  segregation  of  distinct 
granules  of  aluminum  in  copper,  or  of  any  uncertain  composition, 
from  one  end  of  the  ingot  to  the  other. 

There  are  reasons  for  supposing  that  the  basal  combination  which 
is  formed  would  correspond  to  the  formula  AlCu4.  That  is  what  is 
commonly  called  ten  per  cent,  bronze.  My  belief  is  that  it  is  an 
aluminide  of  copper  aud  that  its  solution  in  copper  gives  us  the 
various  qualities  of  aluminum-bronze.  The  little  specimens  in  the 
form  of  souvenir  spoons  distributed  at  this  meeting  represent  this 
formula  diluted  with  an  equal  amount  of  copper.  To  remedy  some 
of  the  existing  confusion  in  regard  to  the  alloys  of  aluminum  and 
copper  (I  use  that  word  alloy  with  a  reservation,  and  only  because 
this  is  the  common  nomenclature)  I  venture  to  propose  that  we  con- 
sider this  AlCu4  as  aluminum-bronze;  that  when  it  is  diluted  with 
an  equal  amount  of  copper  we  call  it  one-half  aluminum-bronze  ; 
and  so  on  to  one-quarter  bronze,  etc.  In  a  little  circular  explanatory 
of  the  specimens  of  aluminum-bronze  exhibited  in  connection  with 
this  paper,  I  have  ventured  to  use  the  names,  one-quarter,  one-half, 
three-quarters  and  full  aluminum-bronze.  It  is  a  common  foundry- 
man's  idea  that  all  the  aluminum  which  can  be  taken  up  by  copper 
is  not  in  excess  of  three  percent.,  and  it  is  quite  important  that  the 
nomenclature  be  clear  and  established  at  the  beginning,  because  I 
see  no  limit  to  which  the  use  of  aluminum-bronze  is  not  to  go  in  the 
future. 

As  to  the  qualities  of  the  compound  which  is  formed  in  this  way, 
it  is  at  once  evident,  in  view  of  the  high  melting-points  of  alumi- 
num and  copper,  that  if  we  have  a  true  aluminide  of  copper  formed 
we  have  got  a  set  of  conditions,  respecting  corrosion,  which  does  not 
exist  in  any  alloy  of  copper.  The  combinations  between  copper  and 
tin  and  zinc,  and  the  very  little  understood  relations  which  exist  in 
manganese-bronze  and  that  class  of  compounds,  are  very  different 
from  the  action  between  aluminum  and  copper,  and  are  not  chemical 
unions  at  all;  but  in  the  case  of  aluminum-bronze  you  have  a  defi- 
nite compound  analogous  in  its  mechanical  qualities  to  a  high-grade 
steel. 

I  take  it  that  the  steel  people  have  virtually  agreed  that  steel  is  a 
carbide  of  iron,  and  it  is  only  a  question  of  a  solution  of  this  in 
larger  masses  of  iron.  In  an  analogous  way  the  aluminum-bronze 
is  an  aluminide  of  copper,  deriving  various  properties  from  differ- 
ent degrees  of  its  solution  in  the  molten  copper.  This  solution  seems 
to  be  a  very  perfect  solution.     It  is  somewhat  affected  by  the  per- 
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centages  of  impurity  in  the  copper.  Aluminum  is  one  of  the  most 
powerful  deoxidizing  agents  known,  and  it  is  said  that  no  oxygen 
can  exist  in  the  presence  of  molten  aluminum.  I  think  that  must 
be  modified  to  the  statement  that  none  can  exist  at  very  high  tem- 
peratures. When  the  aluminum-bronze  has  been  formed  and  when 
the  chemical  union  has  been  effected  between  the  aluminum  and  the 
copper,  and  in  the  absence  of  disturbing  elements,  we  have  a  metal 
showing  the  fracture-qualities  of  the  highest  grades  of  steel,  and 
equalling  steel  in  elongation,  elastic  limit,  and  tensile  strength  of  the 
qualities  of  steel,  and  possessing  also  a  different  class  of  properties. 
This  series  of  metals  are  non-magnetic.  They  are  very  permanent. 
The  oftener  they  are  remelted  the  better  they  are,  providing  they  are 
kept  free  from  oxygen,  iron  and  silicon.  The  value  of  the  material 
is  just  as  great  after  the  tool  has  outlived  its  usefulness  as  it  was 
at  the  beginning,  and  for  all  cases  in  which  magnetic  properties,  or 
high  conductivity,  or  extremely  uniform  and  permanent  behavior  are 
required  you  have  the  ideal  metal. 

One  of  the  chief  reasons  why  steel  and  iron  hold  their  high  value 
is  the  fact  that  they  are  commercially  workable  and  the  metal  does 
not  lose  its  mechanical  properties  throughout  the  range  of  the  tem- 
peratures of  ordinary  use.  Steel  that  is  twice  as  hot  as  boiling 
water,  for  instance,  is  still  excellent  steel.  That  is  not  true  of  any 
of  the  alloys  of  copper  made  with  tin  or  zinc;  but  it  is  true  of 
aluminum-bronze. 

^Ye  have  been  working  in  a  quiet  sort  of  a  way,  and  rather  on  a 
toy  scale  as  compared  with  the  great  steel  plants  of  the  country ;  but 
we  have  been  tryiug  to  accumulate  a  little  knowledge  in  our  foundry 
work.  AVe  saw  from  the  start  that  the  fundamental  question  was 
the  question  of  the  ingot.  There  were  pleuty  of  rolling-mills  in 
the  country  where  the  ingots  could  be  worked  if  furnished  in  uniform 
quality.  I  exhibit  here  some  of  the  results  of  our  work  in  this 
direction.  AVe  have  been  filling  a  number  of  specifications  for  the 
United  States  Engineer  Department.  The  particular  pieces,  ex- 
hibited with  this  paper,  are  the  hold-down  bolts  for  the  plates  of 
mortar-batteries  along  the  coast.  This  case  requires  a  submerged 
bolt  to  take  a  strain  of  200,000  pounds  per  bolt,  to  remain  years  in 
place,  and  yet  to  afford  a  guaranty  that  at  the  end  of  years  and 
after  any  number  of  firing-shocks  that  bolt  shall  be  unchanged.  I 
do  not  know  of  a  severer  test  than  that.  Large  forgings  (hot)  are 
accomplished  in  the  same  material. 

It  is  also  interesting  that  we  have  been  highly  successful  in  the 
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preparation  of  metal  which  will  far  surpass  the  present  requirements 
for  cartridge-shells.  I  mention  the  cartridge-shells  because,  as  is 
well  known,  a  cartridge  is  made  from  a  flat  disk,  spun  and  swedged, 
and  thus  gives,  perhaps,  the  severest  test  that  we  have  of  the  com- 
plete working-qualities  of  sheet-metal. 

The  difficulties  in  casting  aluminum  bronze  are  very  great.  I 
believe  them  to  be  more  serious  and  perhaps  less  understood  than 
those  encountered  in  the  casting  of  any  known  metal.  The  large 
contraction  which  takes  place  in  the  actual  formation  of  the  pattern- 
casting  and  the  so  far  unexplained  and  unknown  chemical  actions 
which  occur,  have  called  for  ingenious  and  complicated  devices  for 
obtaining  sound  castings.  So  far  we  have  hesitated  about  under- 
taking castings  weighing  over  two  tons,  and,  of  course,  those  are 
small  castings  in  comparison  with  the  work  done  in  steel-works  at 
present. 

The  aluminum  seems  to  have  a  wonderful  capacity  for  occluding 
hydrogen-gas,  and  the  liberation  of  this  gas  at  the  moment  of  the 
union  of  the  aluminum  with  the  copper,  and  the  unknown  relation 
which  hydride  of  copper  may  sustain  to  the  oxygen  which  exists  in 
the  pores,  present  difficulties  which  have  still  to  be  thoroughly 
studied.  With  regard  to  some  of  them,  I  have  to  pay  the  compli- 
ment to  Mr.  Howe's  work  on  steel,  that  it  is  the  best  work  on 
aluminum-bronze  which  we  have  yet  seen. 

In  this  manufacture  the  purity  of  both  aluminum  and  copper  is 
of  the  utmost  consequence.  Those  small  percentages  which  almost 
defy  the  reagents  of  the  analytical  chemist  become  extremely  im- 
portant when  one  is  working  in  the  dark  in  regard  to  aluminum- 
bronze.  In  making  up  our  crucible-charges  we  cannot  depend  upon 
the  chemical  formulae  only  because  we  must  take  careful  account  of 
the  loss  and  the  destructive  combinations  which  take  place  between 
aluminum  and  silicon  and  iron. 

In  a  perfect  ingot  or  casting  the  solution  of  aluminum-bronze  and 
copper  seems  to  be  perfect.  The  analysis  from  the  top,  bottom  and 
sides  shows  no  variation  due  to  segregation.  Of  course,  the  me- 
chanical mixture  must  have  been  made  complete,  so  as  to  secure 
both  the  chemical  combination  and  the  uniform  solution  of  it  in  ex- 
cess of  copper. 
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THE  INACCURACY  OF  THE  COMMERCIAL  ASSAY  FOR  SIL- 
VER. AND  OF  METALLURGICAL  STATISTICS  IN  SIL- 
VER-MILLS,   WITH  SPECIAL  REFERENCE  TO 
THE  TREATMENT  OF  ROASTED  ORES 
BY  AMALGAMATION  AND  BY  THE 
RUSSELL  PROCESS. 

BY   C.    A.    STETEFELDT,    OAKLAND,    CAT,. 
(Bridgeport  Meeting,  October,  1894.) 

The  purpose  of  this  paper  is  to  convince  the  managers  of  silver- 
mills  that  their  customary  reports  in  regard  to  the  percentage  of 
silver  saved  are  far  from  the  truth.  It  may  be  unpleasant  for  them 
to  have  the  proofs  of  this  fact  brought  before  the  public,  and  for 
this  reason  the  author  refrains  from  giving  the  names  of  the  mines 
and  mills  from  which  the  statistics  here  recorded  were  obtained.  It 
may  be  asked:  What  is  gained  by  informing  the  stockholders  of 
our  silver-mines  that  they  receive  incorrect  reports?  Will  this  in- 
crease their  dividends  or  lessen  their  assessments  ?  In  the  first 
place,  it  is  always  better  to  publish  honest  facts  than  fiction.  In  the 
second  place,  many  superintendents  believe  in  the  correctness  of 
their  reports,  and  have  no  idea  how  much  they  deceive  themselves. 
Finally,  the  knowledge  that  hitherto  unexpected  losses  of  silver  take 
place  may  lead  to  the  adoption  of  methods  by  which  these  losses  are 
greatly  reduced.  These  remarks  refer  also  to  smelting-works.  The 
present  paper,  however,  is  concerned  exclusively  with  amalgamation 
and  lixiviation. 

The  first  and  most  important  error  is  found  in  the  inaccuracy  of 
the  commercial  assay;  the  second  in  the  incorrect  sampling  of  tail- 
ings in  amalgamation.  Further,  mills  not  doing  custom-work,  but 
reducing  exclusively  ores  from  mines  to  which  the  mills  belong,  are 
in  the  habit  of  weighing  the  ore  only  approximately  and  without 
making  moisture-tests.  Thus,  a  correct  basis  for  calculating  the 
actual  percentage  of  silver  extracted  is  lacking.  The  superinten- 
dent, then,  finds  it  convenient  to  report  the  apparent  extraction,  i.e., 
the  extraction  indicated  by  comparing  the  value  of  the  roasted  ore, 
minus  soluble  salts,  with  the  value  of  the  tailings.  How  many 
errors  are  thereby  committed  it  is  not  necessary  to  point  out. 
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Under  "commercial  assay,"  we  understand  the  direct  result  of 
either  a  crucible-  or  a  scorification-assay  for  silver.  The  losses  taking 
place  in  the  assay  are  caused  by:  (1)  Silver  remaining  in  the  slag. 
(2)  Silver  absorbed  by  the  cupel.  (3)  Silver  volatilized  in  the  cruci- 
ble-melting or  scorification  and  in  cupellation.  The  first  two  losses 
can  be  ascertained  with  practical  accuracy  by  re-assaying  the  slag 
and  the  cupel.  By  adding  the  silver  thus  obtained  to  the  result  of 
the  commercial  assay,  we  obtain  the  corrected  assay.  The  loss  by 
volatilization  for  ores  and  products  like  sulphides,  it  is  not  practica- 
ble to  ascertain,  even  by  synthetic  methods  ;  such  as  are  used,  for 
example,  to  determine  the  fineness  of  high-grade  silver-bullion  by  a 
check-assay.  Hence,  this  loss  is  an  unknown  quantity;  but  we  are 
justified  in  assuming  that  it  is  comparatively  slight,  so  far  as  most 
ores  are  concerned  which  do  not  exceed  50  ounces  of  silver  per  ton 
in  value,  higher  grades  going  by  preference,  with  few  exceptions,  to 
smelting-works  and  not  to  mills. 

I. — Inaccuracy  of  the  Commercial  Assay. 

In  the  following  pages,  numerous  statistics  will  be  given,  exhibit- 
ing the  difference  between  commercial  and  corrected  assays.  The 
author  does  not  intend  to  criticize  here  different  methods  of  assay- 
ing with  respect  to  the  composition  of  fluxes,  etc.  It  is  assumed  that 
each  assayer  employed  in  the  mills  to  which  reference  is  made  knew 
by  experience  which  composition  of  flux  was,  in  a  general  way,  best 
adapted  to  the  character  of  the  ore.  A  few  remarks,  however,  will 
be  made  regarding  the  merits  of  crucible- and  scorification-assay s. 

In  older  treatises  on  assaying,  decided  preference  is  given  in  all 
cases  to  scorification ;  recent  text-books,  however,  acknowledge  in 
many  instances  the  superiority  of  the  crucible-assay.  Yet  such  an 
authority  as  Professor  H.  O.  Hofman  says  in  his  Metallurgy  of  Lead 
(p.  70)  : 

"Silver  assays  are  uniformly  made  by  scorification,  as  it  is  adapted  to  all  kinds  of 
ores  and  gives  excellent  results  unless  organic  matter  is  present." 

This  is  misleading  in  two  ways:  (I)  Scorification-assays  are  not 
uniformly  made;  I  do  not  know  of  any  silver-mill  where  such  a 
practice  is  in  vogue  for  regular  work.  (2)  For  all  so-called  dry 
silver-ores,  containing  antitnonial  and  arsenical  sulphides  or  their 
products  of  decomposition,  the  crucible-assay  deserves  the  prefer- 
ence.    I  may  cite  in  support  of  this  assertion  the  experience  of  Al- 
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bert  Arents,*  whose  statement  is  of  importance  because  he  has  been 
a  govern  men. t-assayer  at  Clansthal,  Germany,  where  scorification  is 
exclusively  used,  and  hence  cannot  be  charged  with  prejudice  or 
with  unskilful  execution  of  the  method.  My  own  experience  in 
assaying  ores  from  Reese  River  and  other  mining-districts  of  Nevada 
(of  which  I  have  not  kept  a  detailed  record)  was  in  harmony  with 
that  of  Mr.  Arents.  In  addition,  a  comparison  between  the  two 
methods  is  given  iu  Table  I. 

Table  I. —  Crucible  and  Scorification  Silver- Assays  at 
Mills  A  and  B. 


Description 
of  Ore. 

Method  of 
Assaying. 

i  lommercial  Assay. 
Ounces  per  Ton. 

Corrected  Assay. 
Ounces  per  Ton. 

Raw  Ore,  No.  1 

Scorification. 
Crucible. 

33.0 
34.6 

35.0 
37.1 

Raw  Ore,  No.  2 

Scorification. 
Crucible. 

16.5 
19.0 

18.4 
21.4 

Scorification. 
Crucible. 

18.0 

22.6 

19.6 
24.5 

Mixture  of  Raw  Ore,  Nos. 
1,  2  and  3 

Scorification. 
Crucible. 

32.3 
32.4 

37.6 
37.8 

Mixture  of  Roasted   Ore, 
Nos.  1,  2  and  3 

Scorification. 
Crucible. 

23.1 
26.0 

28.3 
30.1 

Note. — Ore  No.  1  is  very  base,  containing  about  75  per  cent,  of  sulphurate.  Ore 
No.  2  is  entirely  oxidized  and  ore  No.  3  is  intermediate  between  Nos.  1  and  2. 
The  figures  given  do  not  refer  to  single  assays,  but  for  raw  ores,  No.  1,  No.  2  and 
No.  3,  to  averages  of  daily  assays  for  several  months,  and  for  the  mixtures  of  Nos. 
1,  2  and  3  of  raw  and  roasted  ore,  to  averages  for  one  week. 

Granting  even  that  the  assayers  at  mills  A  and  B  did  not  possess 
the  skill  of  Mr.  Arents  in  makiug  scorification-assays,  the  differences 
are  too  great  to  be  explained  on  that  ground  alone.  Taking  the 
averages  of  these  assays,  it  appears  that  the  commercial  crucible-assay 
is  2.3  ounces  or  9.3  per  cent,  higher  than  the  corresponding  scorifi- 
cation-assay  ;  and  the  corrected  crucible-assay  is  2.4  ounces  or  8  6  per 
cent,  higher  than  the  corresponding  scoriflcation-assay.  Comparing 
the  commercial  with  the  corrected  assay,  the  latter  is  3.2  ounces  or 


*  Berg,  und  Huttenmdnnischc  Zeitung,  1S67,  p.  85. 
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13.0  per  cent,  higher  in   scorification,  and  3.3  ounces   or    12.2  per 
cent,  higher  in  the  crucible-assay. 

Mr.  F.  A.  Bird,  a  highly  skilled  assayer  at  the  Anchor  mine,  Park 
City,  Utah,  finds  that  for  ores  carrying  silver  principally  in  galena, 
the  commercial  scorification- assay  gives  higher  results  than  the  best 
method  in  crucibles.  In  corrected  assays,  however,  the  opposite  re- 
sult is  again  obtained,  as  shown  in  Table  II.  So  far  as  the  com- 
mercial assay  is  concerned,  this  is  not  a  new  fact  for  silver-ores  rich 
in  galena  and  other  lead-minerals. 

Table  II. — Scorification  and  Crucible  Assays  of  Lead-Ores. 


Method  of 
Assaying. 

Ounces  of  Silver  per  Ton. 

Character  of  Ore. 

Commercial 
Assay. 

Corrected 
Assay. 

Scorification. 
Crucible. 

13.80 
12.20 

13.80 
13.98 

Containing  18.5  per  cent. 
Pb  and  28.8  per  cent.  Zn. 

Scorification. 
Crucible. 

29.40 
28.92 

29.97 
30.46 

Containing  46.3  per  cent. 
Pb  and  15.3  per  cent.  Zn.  | 

Scorification. 
Crucible. 

13.00 
12.80 

13.50 
13.60 

Containing  14.6  per  cent. 
Pb  and  34.7  per  cent.  Zn. 

The  products  from  lixiviation — regular  sulphides,  base  sulphides 
from  wash- water,  and  carbonates — are  usually  assayed  by  scorifica- 
tion, and  the  results  are  higher  than  by  crucible-assay.  For  further 
information  on  this  subject,  see  Trans.,  xvi.,  378. 

In  the  following  tables  numerous  statistics  are  given  to  illustrate 
the  difference  between  commercial  and  corrected  assays  of  ores,  tail- 
ings, and  products  from  lixiviations.  The  different  ores  are  desig- 
nated by  numbers  (1,  2,  etc.) ;  the  mills  by  letters  (A,  B,  etc.);  the 
names  of  assayers  also  by  letters  (M,  N,  etc.).  In  these  tables 
all  assays  refer  not  to  single  samples,  but  to  averages  of  many 
samples,  and  these  averages  are  arranged  under  heads  showing  the 
limits  between  which  the  values  varied.  In  this  way  personal  errors 
in  making  single  assays  are  eliminated.  This  arrangement  also  en- 
ables us  to  see  at  a  glance  the  relation  existing  between  the  values 
of  ores,  etc.,  and  the  degree  of  incorrectness  of  the  commercial  assay. 
All  assays  of  ores  and  tailings  were  made  in  crucibles,  and  those  of 
lixiviation-products  by  scorification. 

Some  samples  of  ores  and  tailings,  belonging  to  special  experi- 
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Table    III. — Commercial   and    Corrected   Assays   of  Raw    and 
Roasted  Ores  and  Tailings ;  Mills  A  and  B,  Assayers  M  and  N. 


Description  of  Material 
Assayed. 

Average 

Grade        Value 

ot'         Per  Ton. 

Value.     Commer. 

Ounces.      Assay. 

Ounces. 

In 
Cupel, 
ounces. 

In  Slag. 

Ounces. 

Corrected 
Assay. 

Ounces. 

Commercial 

Assay  lower 

than  <  lorrected 

Assay.    Per  ct. 

20  to  25       24. 1 
25  to  35      30.7 
35  to  40      37.4 

40  to  45      44. 7 

5.4 
3.3 
3.5 
3.9 

0.5 
0.6 
0.8 

o  1 

30.0 
34.0 
41.7 
49.0 

19.7 
11.3 
10.4 

8.8 

Raw  Ore,  No.  3 

25  to  30      27.0 
30  to  35      31.6 

3.6 
3.0 

0.4 

0.4 

31.0 
35.0 

13.0 
10.0 

Raw  Ore,  Nos.  1 ,  2  and  3 

20  to  2".      24.3 
25  to  30;     28.4 
30  to  35      31.9 

2.0 
2.2 
3.1 

0.7           27.6 
0.8            31.4 
0.8            35.8 

12.0 

9.6 

10.9 

Roasted  Ore,  Xos.   1,  2 
and  3 

20  to  25 
25  to  30 
30  to  35 

23.1 
26.6 
30.4 

14 

2.1 
3.0 

0.6 

0.4 

0.0 

25.1 
29.1 

34.0 

8.0 

86 

10.6 

Roasted    Ore,  Nos.   1,    2 
and    3,    after  leaching 

15  to  20      17.6 
20  to  25      23.8 
25  to  30      27.2 
30  to  35      32.3 

1.6 
3.4 
2.0 
3.0 

0.2            19.4 
1.4           28.6 
0.9            30.1 
0.7            36.0 

9.0 
16.S 

0.7 
10.3 

Tailings,  Nos.  1,  2  and  3 

5  to    8        62 

8  to  11        9.7 

11  to  20      17.5 

0.9 
1.2 
1.3 

0.3 
0.4 
0.3 

7.4 
11.3 
191 

16.3 

14.2 

8.4 

Note  — The  grade  of  value  in  this  and  the  following  tables  is  taken  on  the  basis 
of  the  commercial  assay.  Ore  No.  1  is  very  base,  containing  as  much  as  75  per  cent. 
of  sulphurets.  Ore  No.  2  is  completely  oxidized,  and  No.  3  is  intermediate  be- 
tween No.  1  and  No.  2.  The  mixture  of  Xos.  1,  2  and  3  is  somewhat  variable,  and 
this  accounts  for  the  greater  irregularity  of  the  assays. 


meats  made  in  mills  for  comparing  the  extraction  of  silver  by  amal- 
gamation ami  lixiviation,  were  submitted  for  re-assaying  to  a  very 
skilful  and  painstaking  assayer.  By  trying  various  compositions 
of  fluxes,  best  adapted  to  the  character  of  the  ore,  and  by  careful 
manipulations,  he  succeeded  in  obtaining  corrected  assays  several  per 
cent,  higher  than  those  reported  by  the  regular  assayers  of  the  mills. 
In  the  metallurgical  statistics,  which  will  be  given  in  another  sec- 
tion, I  shall  refrain,  however,  from  making  use  of  these  higher  cor- 
rected assays,  not  because  I  consider  them  unreliable,  but  for  practical 
reasons.     The  assayers  in  our  silver-mills  (unlike  those  in  smelting- 
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Table   IV. — Commercial  and   Corrected   Assays   of  Raw   and 
Boasted  Ore  and  Tailings.     3IHI  C,  Assayer  0,  Ore  No.  4. 


Description  of  Material 
Assayed. 

Grade  of 
Value. 
Ounces. 

Average 

Value 

per  ton. 

Commercial 

Assay. 
Ounces. 

In  Slag 

and 
Cupel. 
Ounces. 

Corrected 
Assay. 
Ounces. 

Commercial 
Assay  lower 
than  Cor- 
rected Assay. 
Per  cent. 

35  to  40 
40  to  45 
45  to  50 

37.65 

42.3 

45.5 

2.25 

2.3 

2.4 

39.9 
44.6 
47.9 

5.6 
5.2 
5.0 

Roasted  Ore 

30  to  35 
35  to  40 

40  to  45 

33.6 
36.9 
42.1 

3.2 
3.3 
3.0 

36.8 
40.2 
45.1 

8.7 
8.2 
6.7 

1  to  3 
3  to  5 
5  to  7 
7  to  9 
9  to  11 
11  to  13 

1.8 
3.9 
6.0 
7.5 
9.6 
12.2 

0.5 
1.0 
1.3 
1.4 
1.6 
1.8 

2.3 
4.9 
7.3 
8.9 
11.2 
14.0 

21.8 
20.5 
17.8 
15.7 
14.3 
13.0 

Note. — Ore  No.  4  is  a  dry  silver-ore,  the  principal  silver-mineral  being  fahlore 
or  its  products  of  decomposition.  The  ore  is  more  or  less  base,  and  variable  in  that 
respect.  The  assays  refer  to  samples  taken  for  one  year,  and  they  were  made  on 
monthly  averages  of  daily  samples. 


works)  are  generally  not  men  of  scientific  education;  their  monthly 
salaries  rarely  equal  and  never  exceed  the  wages  of  the  most  skilled 
laborers  in  the  mill;  the  amount  of  work  they  have  to  perform  is 
already  onerous,  and  if  the  superintendent  should  introduce  the  cor- 
rected assay,  the  assayer's  work  would  be  doubled  so  far  as  the  assay- 
ing of  ores  and  tailings  is  concerned.  Moreover,  the  character  of 
the  ore  treated  changes  frequently.  We  can  scarcely  expect  that  the 
assayer  should  constantly  change  his  fluxes,  or  re-assay  the  same 
sample  several  times,  or  that  he  should  be  constantly  on  the  lookout 
to  cupel  his  lead-buttons  with  the  formation  of  feather-litharge. 
Sufficient  practical  accuracy  will  be  secured  by  making  what  we  have 
called  corrected  assays  obligatory,  but  without  attempting  to  obtain 
the  highest  result  possible.  Besides,  a  slight  inaccuracy  in  the  assay 
is  not  the  only  or  the  worst  source  of  error  in  the  metallurgical 
statistics.  The  sample  itself  may  not  represent  the  true  average; 
and  then,  there  are  the  weights,  moisture-tests,  etc.  How  difficult 
it  is,  for  instance,  to  obtain  a  correct  tailings-sample,  will  be  shown 
later  on. 
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Table  V. — Commercial  and  Corrected  Assays  of  Raw  and  Roasted 
Ore  and  Tailings.     Mill  D,  Assay er  0,  Ore  No.  5. 


Description  of  Material 
Assayed. 

Grade  of 
Value. 
Ounces. 

Average 
Value 
per  ton. 
Commercial 
Assay. 
Ounces. 

In  Slag 

and 
Cupel. 
Ounces, 

Corrected 
Assay. 
Ounces. 

Commercial 
Assay  lower 

than  Cor- 
rected Assay. 

Per  cent. 

20  to  25 
25  to  30 
30  to  35 
35  to  40 

22.4 
29.7 
33.1 
38.2 

1.9 
2.8 
2.8 
2.8 

24.3 
32.5 
35.9 
41.0 

7.8 
8.6 

7.8 
6.8 

30  to  35 
35  to  40 
40  to  45 

31.8 
36.7 
42.4 

2.3 
3.1 
2.4 

34.1 

39.8 

7.0 
7.8 

44.8              5.4 

1  to  3 
3  to  5 
5  to  7 
7  to  10 

28 
3.0 
5.5 
9.8 

0.4 
0.6 
0.6 
1.3 

3.2 

3.6 

6.1 

11.1 

12  5 
16.7 
10.0 
11.8 

Note. — Ore  No.  5  is  similar  in  composition  to  Ore  No.  4,  coming  from  the  same 
vein  ;  but  it  is  more  oxidized. 

Table  VI. —  Commercial  and  Corrected  Assays  of  Raiv   Ore  and 
Tailings.     Hill  I,  Assay  er   U,   Ore  No.  13. 


Description  of  Material 
Assayed. 


|  Average 
Grade  of  ^Tor 

Vnlnp        Per   ioR- 

Ounces      C°mmer' 
ces-      Assay. 
Ounces. 


Ore. 


Tailings. 


10  to  15 
25  to  30 


3  to  5 

7  to  9 


12.5 

28.9 


4.0 
8.3 


In  Slag 

and 
Cupel. 
Ounces. 

Corrected 
Assay. 
Ounces. 

1.3 
1.6 

13.8 
30.5 

0.5 

0.9 

4,5 

9.2 

Commercial 

Assay  lower 

than  Corrected 

Assay. 

Per  cent. 


9.5 
5.3 


11.2 

9.8 


Note. — I  is  a  concentrating  mill  treating  ores  averaging  18  per  cent  in  lead  and 
28  per  cent,  in  zinc. 


These  tables  will  be  sufficient  to  illustrate  the  incorrectness  of  the 
commercial  assay  for  ores  and  tailings.  We  now  turn  to  lixiviation- 
products. 

In  Table  VII.  a  summary  of  average  results  is  given,  compiled 
from  the  statistics  of  four  mills. 
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Table  VII. —  Commercial  and  Corrected  Assays  of  Lead  Carbo- 
nates, Base  Sulphides  from  Wash-  Water  and  Regular  Sulphides. 


Description  of  Material 
Assayed. 

Grade  of  Value. 
Ounces. 

Average 
Value 

per  Ton. 

Commer. 
Assay. 

Ounces. 

In  Slag 

and 
Cupel. 
Ounces. 

Corrected 
Assay. 
Ounces. 

Commercial 

Assay  lower 

than  Corrected 

Assay. 

Per  cent. 

50  to       100        64.8 
100  to      500     447.6 

32 
12.4 

68 
460 

4.8 
2.9 

Base  Sulphides 

500  to     1000 
1000  to     1500 
2000  to     3000 
3000  to     4000 
4000  to     5000 

766 
1227 
2527 
3289 
4962 

41 

36 

88 

113 

116 

807 
1263 
2615 
3402 
5078 

5.1 
2.9 
3.4 
3.4 
2.2 

Regular  Sulphides... 

1000  to     2000 

2000  to     4000 

4000  to     60H0 

6000  to     SOOO 

8000  to  10,000 

10,000  to  12,000 

12,000  to  14,000 

14,000  to  16,000 

1624 

2807 

5291 

7362 

8604 

10,538 

12,842 

14,866 

83 
60 
98 
110 
128 
150 
218 
180 

1707 

2867 

5389 

7472 

8732 

HUKS 

13,060 

15,046 

49 
2.1 
1.8 
1.5 
1.5 
1.5 
1.7 
1.2 

Finally,  Table  VIII.  contains  a  summary  of  Tables  III.,  IV., 
V.,  VI.  and  VII.  The  reader  must  have  noted  already  that  for 
groups  of  different  materials  of  approximately  uniform  character  the 
percentage  of  inaccuracy  of  the  commercial  assay  decreases  with  the 
increased  value  of  the  material  assayed.  If  this  law  does  not  always 
hold  good  with  perfect  uniformity,  it  must  be  considered  that  the 
samples  assayed  and  averaged  in  the  tables  were  more  or  less  vari- 
able in  their  composition. 

Table  VIII. — Summary   of  the   Differences  Between   Commercial 
and  Corrected  Assays  of  Ores,  Tailings  and  Lixiviation-Products. 


Description  of  Material  Assayed. 

Grade  of  Value. 
Ounces  per  Ton. 

Range  of 

Inaccuracy. 

Per  cent. 

Washed  Roasted  Ore 

1  to          20 
20  to         50 
15  to         35 
20  to         45 
50  to       500 
500  to     5000 
1000  to  16,000 

21.8  to  8.4 

19.7  to  5.0 

16.8  to  9.0 
10.6  to  5.4 

4.8  to  2.9 
5.1  to  2.2 

4.9  to  1.2 

Lead  Carbonates 

Base  Sulphides 
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I  conclude  this  section  with  a  few  remarks  about  gold.  Silver- 
ores  treated  by  amalgamation  or  lixiviation  often  contain  small 
quantities  of  gold.  The  gold -value  of  the  raw  or  roasted  ore,  being 
too  small  for  correct  determination,  is  generally  not  reported  in  the 
daily  samples.  In  the  bullion  or  sulphide  produced,  however,  the 
gold  may  form  a  considerable  part  of  the  value.  Thus,  for  example, 
the  base  sulphides  from  the  Marsac  mill  contain  from  1.6  to  3.9 
ounces  and  the  regular  sulphides  from  11.1  to  12.1  ounces  of  gold 
per  ton.  If  a  sample  of  gold-bearing  silver-ore  is  assayed  for  gold 
by  different  persons,  their  reports  rarely  agree.  This  is  largely  due 
to  the  character  of  the  sample,  and  partly  to  the  methods  employed. 
In  assaying  steam-dried  unroasted  sulphides,  however,  which  are 
more  uniform  in  character  than  a  sample  of  ore,  widely  differing 
results  are  more  largely  due  to  the  method  used.* 

Mason  and  Bowmanf  have  found  by  synthetic  experiments  that 
the  loss  of  gold  and  silver  in  scorification  is  about  the  same;  but 
that  in  cupellation  the  loss  of  silver  is  6.7  times  as  great  as  it  is  for 
gold.  They  state  the  average  losses  in  numerous  scorifications  and 
cupellations  as  follows  :J 

Silver.  Gold. 

Per  cent.  Per  cent. 
Average  loss  by  scorification,   .         .                 .        .     0.55  0.574 

Average  loss  by  cupellation 1.99  0.29(5 

Total, 2.54  0.870 

II. — The  Difficulty  of  Obtaining  Correct  Average 
Samples  of  Tailings  in  Amalgamation. 

To  obtain  a  true  average  sample  of  tailings  in  lixiviation  is  com- 
paratively an  easy  matter.  At  the  Marsac  mill,  for  instance,  four 
different  samples  are  taken  :  The  first  is  taken,  before  the  charge 
is  sluiced  out,  by  means  of  a  long  brass  tube,  1 J  inches  in  diameter, 
run  vertically  down  through  the  charge  in  various  places  from  top 
to  bottom,  whereby  cores  of  tailings  are  obtained.  The  average  of 
these  cores  constitutes  the  average  tube-sample.  After  one-half  of 
the  charge  has  been  sluiced  out,  leaving  a  vertical  face  across  the 

*  On  tlie  greater  discrepancy  in  assays  of  sulphides  for  gold  than  for  silver,  see 
the  author's  paper,  "  Product  and  Economical  Results  of  the  Marsac  Refinery 
for  the  Year  1892."—  Trans.,  xxiv.,  221. 

f  Journ.  of  the  Am.  Cliem.  Soc,  May,  1894,  p.  313. 

J  It  would  have  been  of  interest  if  in  their  experiments  the  silver  and  gold  ab- 
sorbed by  the  slag  and  cupel  had  been  determined,  thus  arriving  at  the  Loss  by 
volatilization. 
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center  of  the  tank,  the  sampler  gets  into  the  tank  and  takes  three 
samples  as  follows:  (1)  across  the  face  about  1  foot  below  the  hori- 
zontal surface  of  the  tailings;  (2)  across  the  face  about  1  foot  from 
the  bottom  ;  (3)  an  average  sample,  consisting  of  one  set  across  the 
top,  one  across  the  bottom,  and  one  across  the  middle  of  the  face, 
this  mixture  being  called  the  average  regular  sample.  Nos.  1  and  2 
are  merely  for  the  information  of  the  men  in  charge  of  lixiviation; 
their  work  being  considered  well  done  if  the  assay  of  the  bottom 
tailings  does  not  differ  materially  from  that  of  the  top.  The  assays 
of  the  average  tube-sample,  and  of  the  average  regular  sample  are 
reported  in  the  metallurgical  statistics  of  the  mill.  The  average  of 
these  two  samples  for  nearly  two  years,  showed  a  difference  of  only 
0.03  of  an  ounce  of  silver  per  ton. 

Formerly,  a  dipper-sample  was  taken  from  the  tail-race  while 
sluicing  out  the  tailings  from  the  tank.  This  practice  proved  to  be 
unreliable  for  two  reasons :  first,  a  true  average  could  not  be  ob- 
tained, because  the  sluicing  is  very  rapid  in  the  beginning  when  the 
tank  is  full,  and  very  slow  at  the  end  of  the  operation  ;  and  secondly, 
the  slimes  are  liable  to  be  partly  lost  in  taking  dipper-samples.  In 
proceeding  as  first  described  above,  the  natural  proportion  of  slimes 
and  coarse  material  is  preserved.  The  whole  sample  is  then  dried 
and  quartered  down. 

In  amalgamation  the  only  feasible  practice  is  to  take  dipper-sam- 
ples from  the  settler.  It  is  not  necessary  to  describe  this  in  detail. 
It  is  evident,  however,  that  the  method  is  liable  to  be  incorrect  from 
a  mechanical  standpoint.  Another  error  is  introduced  by  the  prac- 
tice, in  vogue  in  most  mills,  of  pouring  otf  the  water  after  the  tail- 
ings-samples have  settled  in  a  bucket  or  pan.  The  possible  loss  of 
fine  slimes  thus  occasioned  may  be  neglected  (provided  sufficient 
time  was  allowed  for  settling);  but  there  is  something  else  present, 
namely,  finely  divided  silver  chloride,  which  does  not  settle  easily  ; 
or  there  may  be  silver  in  solution.  In  pan-amalgamation  of  roasted 
ores  the  hot,  concentrated  brine  dissolves  silver  chloride,  which  is 
not  completely  reduced  by  contact  with  iron.  When  the  pan-charge 
is  diluted  with  cold  water  in  the  settler  this  silver  is  mostly  pre- 
cipitated. But  in  fact,  it  makes  no  difference  whether  this  precipi- 
tation is  complete ;  this  silver  is  lost  when  the  water  is  poured  off 
from  the  tailings-sample.  How  much  silver  may  be  lost  in  this 
way,  has  not  been  accurately  determined.  The  above-named'  loss 
could  only  be  avoided  by  evaporating  the  whole  sample,  tailings  and 
liquid,  to  dryness. 
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Attention  was  first  drawn  to  the  unreliability  of  the  customary 
tailings-samples  in  amalgamation  by  the  following  observation: 

In  making  comparative  clean-ups  on  the  same  ore  by  amalgama- 
tion and  lixiviation,  it  has  been  found  frequently  that  the  actual 
saving  in  lixiviation  corresponded  much  closer  to  the  apparent  ex- 
traction than  was  the  case  in  amalgamation,  i.e.,  in  the  latter  case  the 
percentage  of  silver  actually  saved  was  much  less  than  that  expected 
according  to  apparent  extraction,  using  corrected  assays  as  a  basis  for 
calculation. 

III. — The  So-called  Plus  Clean-up  in  Amalgamation  and 
Lixiviation  when  Statistics  are  Based  upon 
Commercial  Assays. 
All  statistics  in  this  section  are  based  upon  the  values  of  roasted 
and  not  of  raw  ores.  The  great  difference  between  commercial  and 
corrected  assays  of  ores  has  been  pointed  out  above.  If  the  former 
assays  are  used  in  a  mill,  in  calculating  the  percentage  of  silver  saved 
by  an  actual  clean-up  (which  is  the  practice  now  in  vogue)  the  phe- 
nomenon of  the  so-called  "plus  clean-up  "  appears,  i.e.,  the  silver  ob- 
tained in  bullion  or  lixiviation-products  (the  values  of  which  are 
usually  determined  by  corrected  assays)  is  largely  in  excess  of  the 
amount  expected,  taking  into  account  the  silver  remaining  in  the 
tailings  ;  or,  in  other  words,  the  actual  extraction  is  much  greater 
than  the  apparent  extraction.  This  is  illustrated  in  Tables  IX. 
and  X.  : 


Table  IX. —  The  Plus  Clean-up  in  Amalgamation. 


Description  of  Ore. 

Mill. 

Apparent 

Extraction. 

Per  cent. 

Actual 

Extraction. 

Per  cent. 

Plus 
Clean-up. 
Per  cent. 

No.  4 

C 

66.1 

73.9 

7.8 

No.  5 

D 

91.0 
89.1 
86.7 

1041 
95.5 
92.9 

13.1 
6.4 
6.2 

u 

No.  9 

H 

86.3 

88.9 

2.6 

Note. — The  character  of  ores  No.  4  and  No.  5  has  already  been  given  in  con- 
nection with  Tables  IV.  and  V.  Ore  No.  9  is  more  or  less  base  and  contains  lime. 
Mills  C  and  D  crush  by  stamps  and  roast  in  Stetefeldt  furnaces.  Mill  H  crushed 
by  stamps  and  roasted  in  Howell  furnaces.  The  unusually  low  extraction  in  Mill 
C  was  caused  by  low  chlorinations  in  roasting,  the  ore  being  entirely  oxidized  and 
without  sulphurets.  This  was  subsequently  remedied  by  adding  a  small  percentage 
of  sulphur  to  the  pulp  before  roasting. 
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Table  X. — Ihe  Plus  Clean- Up  in  Mills  Using  the  Russell  Process. 


Description  of  Ore. 

Mill. 

Apparent 

Extraction. 

Per  cent. 

Actual 

Extraction. 

Per  cent. 

Plus 
Clean-up. 
Per  cent. 

No.   8 

H 

87.5 

99.0 

11.5 

No.  9 

<< 

89.4 

101.1 

11.7 

Eight  clean-ups  on  No.  5.. 

D 

90.6  to  94.3 

94.0  to  102.7 

3.4  to  10.6 

Two  clean-ups  on  Nos.  1,  2 
and  3 

A 

80.0  to  81.3 

89.9  to    91.7 

9.9  to  10.3 

E 

85.8  to  90.3 

93.9  to    99.6 

6.3  to  10.0 

Note. — Ore  No.  7  is  a  very  dry  silver-ore  with  lime,  magnesia,  and  heavy-spar 
in  the  gangue.  It  is  crushed  in  Mill  E  by  stamps  and  roasted  in  a  Stetefeldt  fur- 
nace with  addition  of  iron  pyrites.  Mill  A  crushed  by  rolls  and  roasted  in  a 
Stetefeldt  furnace.  The  silver-values  per  ton  of  the  ores  were  as  follows:  For  No. 
8,  43  ounces;  No.  9,  48  ounces;  No.  5,  30  to  37  ounces  ;  mixture  of  Nos.  1,  2  and 
3,  23  ounces ;  No.  7,  21  to  28  ounces. 

In  comparing  Tables  IX.  and  X.,  it  will  be  noted  that,  on  the 
whole,  the  plus  clean-up  is  greater  in  lixiviation  than  in  amalgama- 
tion. This  is  due  to  the  incorrectness  of  the  tailings-sample  in 
amalgamation,  which  is  liable  to  be  too  low,  as  pointed  out  in  the 
preceding  section. 

IV. — Comparison  of  the  Apparent  and  the  Actual  Ex- 
traction of  Silver,  Based  Upon  Commercial 
and  Corrected  Assays. 

Table  XI. — Statistics  of  the  Appare7it  and  Actual  Extraction  of 
Silver  by  the  Pussell  Process,  based  upon  Commercial  and  Cor- 
rected Assays. 


Value  of  Roasted  Ore. 

Value  of  Tailings. 

Apparent  Extraction. 

Actual  Extraction. 

Com.  A. 

Corr.  A. 

Com.  A. 

Corr.  A. 

Com.  A. 

Corr.  A. 

Com.  A. 

Corr.  A. 

Ounces. 

Ounces. 

Ounces. 

Ounces. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

30.34 

32.2 

2.6 

3.0 

92.2 

91.4 

100.1 

94.9 

37.05 

40.2 

3.0 

3.6 

92.4 

91.6 

100.7 

92.8 

36.47 

39.4 

2.8 

3.4 

92.9 

91.8 

100.0 

92.6 

34.44 

37.19 

2.95 

3.6 

92.1 

91.1 

102.7 

95.1 

33.18 

35.6 

3.4 

4.2 

90.6 

88.9 

94.0 

87.1 

34.23 

36.8 

2.1 

2.4 

94.3 

93.4 

99.8 

92.8 

37.03 

39.43 

2.75 

3.4 

93.2 

92.1 

100.6 

94.5 

34.66 

37.60 

3.1 

3.6 

91.7 

91.1 

99.4 

91.6 

Note — The  clean-ups  were   made  on  ore  No.  5  in  the  experimental  plant  of 
mill  C.     From  19  to  37  tons  of  roasted  ore  were  treated  for  each  clean-up.     The 
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value  of  the  roasted  ore,  minus  soluble  salts,  from  which  the  apparent  extraction 
is  calculated,  is  not  given  in  the  table. 

It  will  be  noted,  in  comparing  the  apparent  extraction  based  upon 
corrected  assay  with  the  actual  extraction,  that  the  latter  is,  in  all 
cases  except  two,  higher  than  the  former.  This  would  indicate  that 
the  corrected  assay  is  still  too  low.  In  fact,  it  could  not  be  otherwise, 
since  this  assay  does  not  take  account  of  the  silver  lost  bv  volatili- 
zation. 

Table  XII. — Statistics  of  the  Apparent  and  Actual  Extraction  of 
Silver  by  Amalgamation,  based  upon  Commercial  and  Corrected 
Assays. 


No. 

Value  of 

Roasted  Ore. 

Ounces  per  Ton. 

Value  of 

Tailings. 

Ounces  per  Ton. 

Apparent 
Extraction. 

Per  cent. 

Actual 

Extraction. 

Per  cent. 

Commer. 
A— ay. 

Corr. 
Assay. 

Commer. 

Assay. 

Corr. 
Assay. 

Commer. 
Assay. 

Corr. 
Assay. 

Commer. 
Assay. 

Corr. 
Assay. 

1 

32.65 

36.0 

3.2 

3.6 

91.6 

90.75 

104.13 

94. -15 

2 

32.64 

35.6 

3.2 

5.4 

89.10 

86.2 

95.5 

87.56 

3 

34.25 

37.8 

4.9 

6.4 

86.73 

84.2 

92.9 

84.42 

4 

43.43 

46.96 

85.5 

86.3 

79.6 

5 

48.22 

53.08 

86.3 

88.9 

80.8 

Note. — Nos.  1,  2  and  3  are  clean-ups  from  ore  No.  5  in  mill  D.  The  quantities 
of  ore  run  through  the  pans  were  703,  795  and  831  tons  respectively.  The  very 
high  extraction  of  94.45  per  cent,  of  No.  1  seems  somewhat  doubtful.  Nos.  4 
and  5  refer  to  clean-ups  of  50  tons  each  from  ores  Nos.  8  and  9,  in  mill  H.  The 
corrected  value  of  the  roasted  ore  from  which  the  apparent  extraction  is  calculated, 
does  not  appear  in  the  table. 

V. — The  Extraction  of  Silver  by  the  Russell  Process, 

and  by  Amalgamation,  Compared  on  the  Basis  of 

Corrected  Assays. 

Table  XIII. — The  Extraction  of  Silver  by  the  Russell  Process  and 

by  Amalgamation,  Compared  on  the  Basis  of  Corrected  Assays. 


No. 

Actual  Extractiou. 

Difference 

in  Favor  of 

Russell  Process. 

Per  cent. 

Russell  Process 
Per  cent. 

Amalgamation 
Per  cent. 

1 

2 

3 

92.7 

91.5 

91.8 

88.1 
79.6 

80.8 

4.6 
11.9 
11.0 

Note. — No.  1  gives  the  average  clean-up  on  the  eight  lots  of  Table  XI.  by  the 
Russell  process  and  the  average  clean-up  on  lots  Nos.  1,  2  and  3  of  Table  XII.  by 
amalgamation.  Nos.  2  and  3  give  the  clean-ups  on  50-ton  lots  of  ores  No.  8  and 
No.  9,  both  worked  in  mill  H. 
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Mr.  Daggett,  in  his  paper  on  the  Russell  process,  Trans.,  xvi., 
486,  has  given  numerous  statistics  comparing,  on  the  same  ores,  the 
extraction  of  silver  by  the  Russell  process  with  that  by  amalgama- 
tion. These  statistics,  however,  are  all  based  upon  commercial  ore- 
assays.  In  Table  XIII.  I  add  a  few  figures  based  upon  corrected 
assays. 

Appendix. 

Note  on  the  Extraction  of  Gold. — Ore  No.  5  contains  from  $0.78 
to  $1.34  of  gold  to  the  ton.  The  actual  extraction  of  gold  by  the 
Russell  process,  in  the  eight  clean-ups  of  Table  XL,  varied  between 
45  and  124  per  cent.,  and  in  the  three  amalgamation  clean-ups  of 
Table  XIII.  (Nos.  1,  2,  and  3)  it  varied  between  46  and  82  per 
cent.  The  roasting  seems  to  influence  these  variable  results,  assum- 
ing that  the  ore-assays  were  correct.*  Ore  No.  5  being  almost  free 
from  sulphurets,  is  sometimes  roasted  with  the  addition  of  J  to  §  per 
cent,  of  sulphur.  It  has  been  observed  that  the  ore  so  roasted  yielded 
a  much  larger  percentage  of  its  gold  than  ore  roasted  without  sul- 
phur. In  order  to  prove  this  definitely,  further  experiments  would 
be  necessary.  Statistics  on  the  percentage  of  gold  extracted  are 
somewhat  unreliable  in  cases  where  the  ore  contains  only  one  dollar 
or  less  of  gold  per  ton,  and  the  obtaining  of  a  correct  sample  and  a 
correct  assay  becomes  difficult.  There  is.no  doubt,  however,  that  the 
Russell  process  extracts,  in  most  cases,  a  higher  percentage  of  gold 
from  gold-bearing  silver-ores  than  amalgamation. 
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BY    R.    G.    BROWN,  BUTTE,    MONTANA. 
(Bridgeport  Meeting,  October,  1891.) 

This  paper  will  present  a  general  description  of  the  different 
mineral  belts  in  the  Butte  City  region  (limited,  however,  to  the 
copper  and  contiguous  silver  veins)  such  as  may  serve  to  give  an  in- 
telligent idea  of  the  distribution  and  characteristics  of  the  deposits, 
forming  thus  a  groundwork  of  information,  which  it  is  hoped  will 
have  value,  when  later  writers  enter  into  particularized  detail. 

*  In  the  clean- up  of  124  per  cent,  the  gold-assay  of  the  ore  was  evidently  too 
low. 
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It  will  further  be  a  great  satisfaction  if  the  existence  of  this 
groundwork  shall  suggest  to  others  the  need  for  particularized  detail, 
and  prompt  the  furnishing  of  such.  It  is  truly  a  surprising  thing 
that  from  a  region,  the  seat  of  such  mining  activity  and  where  the 
developments  have  been  so  extensive  there  should  have  come  scarcely 
an  instance  of  the  study — or  at  least  the  recording  of  a  study — of 
local  conditions  by  local  engineers,  that  is  by  those  presumably  best 
qualified  for  such  work.  It  must  not  be  understood  that  the  writ- 
ings of  Emmons,  Pearce  and  Blake  have  been  ignored ;  but  they 
do  not  belong  to  the  above  category. 

General  Remarks. 

The  mining  district  of  Butte  City,  Montana,  is  roughly  seven 
miles  long,  from  the  continental  divide  on  the  east  to  the  gravel 
flats  beyond  the  Blue  Bird  on  the  west,  by  four  miles  wide. 

The  country-rock  is  in  general  granite  of  two  clearly-defined  va- 
rieties :  a  dark  syenitic  in  the  eastern  portion,  and  a  pale  acid  granite, 
composed  of  feldspar  and  quartz,  with  an  occasional  minute  amount 
of  mica,  in  the  western  portion. 

These  have  been  called,  with  more  or  less  appropriateness,  the 
"  Butte  "  and  "  Blue  Bird  "  granites,  though  small  bodies  of  each 
occur  in  the  territory  of  the  other. 

Through  these  occur  dikes  of  rhyolite,  probably  connected  in  some 
way,  as  yet  undetermined,  with  the  mass  of  the  Big  Butte,  itself  a 
cone  of  eruptive  rock,  scarcely  fissured,  and  showing  no  mineraliza- 
tion. 

There  are  also  local  occurrences  of  quartz-porphyry,  possibly  in 
the  form  of  dikes,  showing  on  the  Anaconda  hill  and  in  the  rail- 
road cuts  below  the  St.  Lawrence  mine,  and  suggested,  though  not 
clearly  made  out  elsewhere. 

This  paper  will  describe  only  that  portion  of  the  region  included 
within  Butte  City,  and  between  it  and  its  immediate  environs  of 
Centerville,  Walkerville  and  Meaderville. 

Topography. 

The  city  of  Butte  lies  about  three  miles  west  of  the  continental 
divide,  in  Silver  Bow  county  (formerly  a  part  of  Deer  Lodge 
county),  Montana. 

A  meridional  valley,  evidenced  in  Fig.  1  (a  photograph  taken 
from  the  top  of  the  Big  Butte)  as  a  source  of  smoke,  widens  south- 
ward and  westward  into  an  extensive  flat,  and  further  to  the  west, 
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the  flat  narrows  again  to  a  valley.  Silver  Bow  creek,  flowing  south- 
ward through  one  valley,  circles  to  the  right  and  west  over  the  flat, 
and  effects  an  exit  through  the  other  valley. 

Northward  from  the  flat  rises  the  Butte  City  slope  in  an  ascent 
which  is  as  abrupt  for  a  city  as  it  is  gradual  for  a  hill,  in  our 
western  country. 

Two  principal  gulches  cut  this  slope,  and  innumerable  small  ones 
furrow  it.  One  of  the  two  main  gulches  is  Missoula  gulch,  in  the 
western  portion  and  to  the  westward  of  which  rises  the  Big  Butte, 
the  source  of  the  name  (and,  as  some  think,  of  the  riches)  of  the 
region.  This  gulch  extends  northward  from  the  flat  until  cut  off 
by  a  notable  cross-ridge.  The  other  is  Dublin  gulch,  nearly  5000 
feet  to  the  east.  The  latter  is  a  deep  gash  almost  severing  the  Ana- 
conda hill  from  the  main  slope. 

The  main  Butte  slope,  a  couple  of  miles  or  so  north  from  the  flat, 
absorbs  into  itself  a  cross-ridge — the  same  that  cuts  across  the  head 
of  Missoula  gulch  ;  spreads  out  eastward  into  the  irregular  semblance 
of  a  plateau,  and  then  falls,  more  or  less  sharply,  to  the  first-men- 
tioned meridional  valley,  the  eastern  wall  of  which  is  the  continental 
divide,  overtopping  the  Butte  City  slope  by  many  hundred  feet. 

A  homely  illustration  may  assist  this  description.  If  the  open 
right  hand  be  laid,  palm  down,  on  a  table,  the  three  middle  fingers 
being  held  well  together  and  pressed  down,  while  the  back  of  the 
hand  is  raised  about  one  inch  at  the  wrist,  and  the  tip  of  the  little 
finger  be  separated  half-an-inch  from  the  others  and  the  thumb  bent 
so  that  the  tip  is  half-an-inch  from  the  hand,  both  tips  being  against 
the  table;  then,  the  table  in  front  (south)  may  represent  the  fiat ;  the 
table  to  the  left  (east)  the  meridional  valley,  to  the  left  of  which 
rises  the  divide;  the  three  middle  fingers,  rising  to  greater  steepness 
with  the  back  of  the  hand,  the  main  Butte  City  slope;  the  crack  be- 
tween the  little  finger  and  the  rest,  Missoula  gulch,  with  the  Big 
Butte  just  to  the  right  of  the  middle  joint;  and  the  thumb,  Ana- 
conda hill,  separated  from  the  rest  by  Dublin  gulch. 

This  is  further  made  plain  by  Figs.  1  and  2.  Fig.  1  looks  east, 
with  the  divide  for  a  background.  The  Anaconda  shaft  house,  with 
its  multiplied  stacks,  shows  in  the  center  ;  and  crowning  the  top  of 
the  hill  is  the  Mountain  View  mine  ;  while  on  the  hither  side  and 
below  them  twists  Dublin  gulch.  Quite  in  the  foreground  is  Mis- 
soula gulch.  The  main  portion  of  the  city  is  to  the  right  of  the  pic- 
ture. 

Fig.  2  is  a  somewhat  sketchy  map  in  which  an  attempt  has  been 
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made  to  show  the  supposed  limits  of  the  various  belts  and  their  rela- 
tion. A  few  of  the  most  interesting  claims  are  roughly  located  by 
the  intersection  of  lettered  vertical  and  numbered  horizontal  lines. 

Surface  Characteristics. — The  general  appearance  of  the  surface  is 
rounded,  in  marked  contrast  to  the  higher  rocks  of  the  divide  (which 
are  always  before  the  eye,  to  accentuate  the  difference),  but  in  com- 
plete uniformity  with  the  foot-hills  (Fig.  1). 

The  innumerable  small  gulches  are  comparatively  broad  and  shal- 
low, bearing  out  the  general  appearance  ;  but  there  area  great  num- 
ber of  granite  boulders,  showing  as  a  rule  in  groups,  and  occupying 
prominent  ridges  and  slopes;  these,  apart  from  their  typical  weath- 
ering, show  no  signs  of  the  disintegration,  which  is  the  common  fate 
of  the  underground  granite,  when  exposed  to  the  air.  It  is  to  be 
noted,  however,  that  there  is  one  variety  of  the  underground  granite, 
very  hard,  greenish  and  watery,  which  does  not  quickly  decompose 
and  which  these  boulders  somewhat  resemble. 

In  places  (particularly  up  from  Missoula  gulch  on  the  east),  the 
granite  boulders  have  weathered  rough,  leaving  great  lumps  of  feld- 
spar in  relief  on  their  surfaces.  This  granite  is  noticeably  coarse  in 
all  its  constituents. 

The  region  to  which  this  paper  is  limited  divides  itself  naturally 
into  several  belts:  a  northern  silver-belt ;  a  southern  silver-belt, and 
a  copper-belt,  partly  contained  between  the  others  and  containing,  in 
turn,  a  third,  or  middle,  silver-belt  (Fig.  2). 

The  copper-belt,  to  which  is  due  the  fame  of  the  town,  is  not  only 
bounded  on  the  north,  and  in  part  on  the  south,  by  silver-belts,  but 
is  completely  replaced  on  the  strike  to  the  west  by  silver-veins, 
though  the  small,  middle  silver-belt  (the  Mount  Moriah- Acquisition- 
Steward  belt,  F  25  ;  J  25 ;  O  26,  in  Fig.  2)  which  is  darted,  tongue- 
like, into  it  from  the  west,  extends  across  the  line  of  change,  i.e.,  the 
line  of  Missoula  gulch.  It  must  not  be  understood  that  fissures, 
containing  copper  on  the  east  of  Missoula  gulch  contain  silver  to  the 
west ;  for  surface  indications  seem  to  negative  the  view  that  the  fis- 
sures on  the  two  sides  are  identical,  anil  underground  developments 
do  not  touch  the  question. 

Northern  Silver-Belt. 

Characteristic  of  the  northern  silver-belt  is  a  manganous  and  sil- 
iceous gangue,  showing  frequently  blackened  outcrops  of  great  promi- 
nence. Such  prominence,  in  fact,  may  be  considered  as  typical  of 
the  silver-veins  of  the  region,  though  some  escape  the  distinction. 
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The  great  silver-lode,  the  "  Rainbow/'  if  not  the  "  Mother  lode," 
in  the  somewhat  misleading  symbolism  of  the  hills,  occupies  the 
axis  of  this  northern  belt,  and  sketches  a  doubly  curving  bow, 
through  twelve  claims  at  least,  from  the  Belcher  on  the  west  into  the 
Enterprise  on  the  east,  a  distance  of  eleven  thousand  feet,  with  a 
general  strike  a  few  degrees  north  of  east.* 

Through  its  whole  length  it  has  been  largely  explored,  and  has 
disclosed  in  one  claim  at  least,  the  Raymond  (X  4,  Fig.  2),  a  width  of 
over  one  hundred  feet,  almost  entirely  of  rhodochrosite  and  quartz. 

It  is  characterized  by  many  faults,  some  of  which  appear  along 
the  strike  on  the  surface,  noticeably  on  the  Poser,  while  others  are 
developed  by  the  underground  workings  only.  The  dip  is  northerly 
in  the  western  portion  (an  exception  to  the  habit  of  the  district)  and 
southerly  in  the  eastern  ;  but  the  point  of  flexure,  where  one  turns 
into  the  other,  has  not  been  developed.  The  walls  are  well  defined, 
particularly  the  foot. 

The  vein  appears  sometimes  as  several  members,  either  uniting  in 
depth  or  along  the  strike,  or  branching  away  into  the  country  rock 
and  perhaps  dying  out. 

The  western  part  is  hard  and  massive,  the  eastern  part  often 
crumbly,  giving  a  mined  rock  of  the  size  of  chestnut  coal. 

Mineral  Character. — As  already  observed,  the  regular  gangue  is 
rhodochrosite  and  quartz,  finely  banded  in  places.  The  accessory 
mineral  occurrences  are  barite,  in  small  mineral  crystals  (very 
rarely) ;  sphalerite  and  fine-grained,  sometimes  pulverulent  galena, 
in  patches;  small  bodies  of  very  siliceous  chalcopyrite  (noted  once 
or  twice),  fine-grained  and  totally  different  in  appearance  from  the 
same  mineral  in  the  copper-belt ;  also  a  small  chute  of  copper-ore, 
which  is  probably  a  zinc-blende  carrying  a  variable  percentage  of 
copper,  and  which  also  resembles  none  of  the  Butte  copper  ores. 

The  silver-bearing  mineral  on  the  eastern  end  of  the  lode,  at  least, 
is  a  very  finely  disseminated  highly  argentiferous  tetrahedrite,  occur- 
ring in  pin-point  specks  and  fine  thread-like  filagrees,  following  often 
definite  lines  of  deposition  and  giving  locally  a  banded  appearance, 
sometimes  concentric,  as  if  deposited  in  small  cavities  of  the  quartz 
and  rhodochrosite.  With  this  is  associated  a  small,  but  appreciable, 
amount  of  gold. 

*  The  claims  on  the  Rainbow  are  to  be  located  on  Fig.  2  as  follows :  Belcher, 
B  13 ;  Rising  Star,  D  12  ;  Moulton,  H  10 ;  Alice,  M  9 ;  Fraction,  N  9 ;  Magna  Charta, 
P  9 ;  Va  Meniere,  R  9 ;  Poser,  S  9 ;  Elm  Orlu,  U  8 ;  Black  Rock,  V  6;  Niagara,  W  4  j 
Raymond,  X  4;  Enterprise,  Z  3. 
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There  is  not  enough  copper  in  this  gray-copper — or  rather  there 
is  not  enough  gray-copper  in  the  ore — to  make  a  noticeable  percent- 
age of  copper,  but  in  the  oxidized  ores  it  sometimes  shows  as  films 
of  malachite  or  azurite. 

Pyrargyrite  has  been  found  a  few  times  in  extremely  rich  pieces  of 
the  ore,  and  pyrite  is  a  constant,  but  valueless  accessory.  The 
smelters  who  have  handled  the  material  from  parts  of  the  lode  re- 
mark the  presence  of  bismuth  in  the  product,  but  no  bismuth- 
minerals  have  been  detected  in  the  ore.  Stephanite  has  been  reported 
from  other  veins  of  this  belt,  but  has  never  been  identified  by  the 
writer.  In  the  region  of  a  fault,  above  water-level,  in  the  Black 
Rock  (V  6,  Fig.  2)  gypsum  was  a  frequent  occurrence  in  cracks  of 
the  granite,  sometimes  giving  1^-inch  crystals,  and  evidently  of 
recent  formation. 

In  general,  the  characteristics  of  the  Rainbow  lode  are  those  of 
the  whole  northern  belt.  To  this  belt  belong,  besides  the  mines 
enumerated  as  on  the  Rainbow  lode,  the  following  mines  located  on 
Fig.  2 :  The  Blue  Wing  (I  14),  Belle  of  Butte  (Oil),  Lexington 
(N  15),  and  the  lately  exploited  Eveline  (D  16)  to  the  south  of  the 
western  end  of  the  Rainbow,  while  the  number  of  minor  properties 
of  some  probable  value  is  legion.  Here  belongs  also  the  Amy-Silver- 
smith, famous  as  the  subject  of  a  recent  decision  of  the  United  States 
Supreme  Court. 

Southern  Silver-Belt. 

Closely  akin  to  the  northern  is  the  southern  silver-belt,  or,  more 
accurately,  the  southern  part  of  that  belt,  from,  and  including,  the 
Ancient  (E36,  Fig.  2)  southward.  There  are  several  lines  of  jagged 
manganese-outcrops,  which  break  across  Missoula  gulch  westward, 
and  continue  visible  for  some  miles,  one  or  the  other  of  them  out- 
cropping at  intervals,  entirely  outside  of  the  area  covered  by  the 
present  paper. 

Followed  to  the  east  they  gradually  sink  into  the  placer-ground 
south  of  the  city,  exhibiting,  however,  divergent  strike,  so  that  the 
southern  veins,  the  Star  West,  for  instance  (E  39,  Fig.  2),  bearing 
15°  to  20°  S.  of  E.  are  lost  under  the  heavy  wash  of  the  flat, 
while  those  next  on  the  north,  bearing  about  as  much  N.  of  E.,  as 
represented  by  the  Ancient  (E  36),  would  naturally  be  looked  for 
again  on  the  thinly  sanded  slopes  below  Anaconda  hill.  Here, 
however,  appear  copper-veins,  with  aS.  E.  strike.  How  the  one  set 
of  veins  is  related  to  the  other  is  an  interesting  question  never  yet 
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answered  ;  but  it  is  scarcely  to  be  supposed  that  a  vein  as  large  as 
the  Ancient,  measuring  75  feet  across  the  apex,  where  it  is  cut  by  the 
grade  of  South  Washington  Street,  and  traceable  for  miles  to  the 
westward,  would  suddenly  die  out.  This  problem  involves,  per- 
haps, a  definite  answer  to  the  question  of  the  relative  ages  of  the 
silver-  and  copper-deposits;  and  here  we  must  eagerly  look  for  light 
from  the  future  developments  of  mining. 

This  system  of  veins  has  been,  until  very  recently,  notably  pro- 
ductive, constituting  also  the  paradise  of  small  lessees  by  reason  of 
the  high  grade  of  the  surface-ores.  Deep  workings,  on  the  other 
hand,  have  not  proved  so  promising  as  in  the  Rainbow  system. 

One  of  the  rhyolite  dikes  already  mentioned  cuts  through  this 
system,  just  east  of  Missoula  gulch,  and  is  developed  in  the  under- 
ground workings  of  the  Star  West  and  Travona  mines  (E  39  and 
F38,  Fig.  2).  This  dike,  which  is,  roughly,  100  feet  thick,  with  a 
southerly  strike,  and  occupies  a  line  of  small  faulting,  shows  that  the 
southern  silver-belt  antedated  the  rhyolitic  eruption. 

The  general  dip  of  the  "  Ancient"  system  is  southerly,  and  the 
veins  included  in  it  are  of  all  sizes,  from  the  80  feet  of  quartz  and 
manganese- minerals  in  the  Ancient  to  veins  of  a  few  inches. 

Here,  as  in  the  northern  system,  the  proportion  of  gold  is  quite 
appreciable  (if  anything,  a  little  higher  than  in  that  system)  while 
the  manganese  is  accompauied  with  less  silica.  The  veins  are  wel- 
defined,  and  exhibit  many  small  faults,  of  3  feet  and  thereabouts. 

The  amount  of  manganese  in  the  ore  lias  made  it  valuable  to  the 
smelters  as  a  flux,  particularly  in  the  oxidized  ores,  which  were  fur- 
nished in  considerable  quantities  in  earlier  days. 

Mineral  Character. — The  minerals  in  this  belt  differ  from  those 
of  the  northern  belt  rather  in  details  than  in  kind.  Thus  the  rhodo- 
chrosite  is  more  massive  and  has  a  coarsely  pearly  fracture  as  com- 
pared with  the  smooth,  dull  face  exhibited  in  the  other  belt.  It  is, 
as  a  rule,  of  a  darker  rose-color,  and  does  not  fade  so  soon  upon  ex- 
posure. The  galena  is  more  plentiful  and  gives  cubical  cleavage 
of  a  large  habitus.  Zinc-blende  appears  in  resinous,  pea-sized  crys- 
tals, in  the  massive  rhodochrosite,  or  as  irregular  patches  shading 
into  galena.  The  pyrite  is  somewhat  coarser  and  more  abundant, 
and  carries  the  precious  metals.  Calcite  is  at  times  found  as  crys- 
tals in  cavities,  or  as  crystalline  plates  in  cracks,  showing  double 
comb-structure  in  section,  and  evidently  of  recent  formation. 

The-silver  and  the  subordinate  gold,  besides  occurring  in  the  pyrite, 
occur  -in  the  galena  aud  sphalerite  patches,  but  not  in  the  pea-sized 
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crystals.  Wire-silver  is  not  infrequent,  even  below  water-level,  in 
vugs  partly  filled  with  clay.  Indeed,  many  of  these  lumps  of  clay 
are  bound  together  with  silver  wires,  as  mortar  is  with  hair. 

North  of  this  system,  and  strongly  differentiated  from  it,  both  by 
surface-indications  and  by  mineral  characteristics,  is  another  silver- 
system,  extending  northward  to  the  copper-belt,  westward  across 
Missoula  gulch,  and  eastward  up  to  the  copper-region.  Here  also 
we  would  naturally  look  for  some  clue  as  to  the  comparative  ages  of 
the  silver-  and  copper-veins,  but  no  recorded  developments  have 
given  it  thus  far.  Towards  the  east,  the  silver-veins  become  im- 
poverished, and  are  not  developed. 

The  most  important  members  of  this  system,  so  far  as  now  known, 
are  the  Neptune,  Stevens,  and  Morning  Star  (E  34,  G  34,  and  L 
33,  Fig.  2),  all  now  idle.  Though  the  veins  appear  west  of  Mis- 
soula gulch,  they  have  never  been  productive  in  that  region. 

These  veins  are  characterized  by  scanty  croppings  of  brown 
quartz,  under  a  wash  so  thin  as  to  insure  their  early  discovery  and 
exploitation.  Manganese  is  not  present  in  sufficient  amount  to  give 
the  black,  oxidized  ores,  so  marked  in  the  southern  system,  though 
spots  of  the  pink  silicate  and  carbonate  occur  in  the  rock.  The  min- 
erals are  substantially  the  same  as  in  the  other  system.  The  veins 
are  well  defined,  but  there  are  no  large  ones,  the  average  width  being 
2  or  3  feet. 

The  ore  is  essentially  of  higher  grade,  and  the  proportion  of  gold 
to  silver  is  perhaps  a  little  higher  than  in  the  other  systems. 

Middle  Sii-ver-Belt. 

A  very  remarkable  silver  belt  remains  to  be  described,  which  pro- 
jects itself  right  into  the  heart  of  the  copper  country  north  of  the 
Gagnon-Original-Parrot  system  (K  28,  M  28,  and  Q  29,  Fig.  2). 
This  terminates  in  a  point  near  the  eastern  end  of  the  Steward  claim 
(O  26),  while  westward  it  crosses  Missoula  gulch,  and  is  cut  off  by 
the  rhyolite  of  the  Big  Butte,. 

The  ores  of  this  belt  are  of  essentially  higher  grade,  again,  than 
those  of  either  of  the  other  silver-belts,  though  this  is  not  quite  so 
noticeable  on  the  western  end,  and  are  characterized  by  their  high 
gold-values,  which  reach  2  ounces  gold  per  1 00  ounces  silver  in  the 
best  region,  that  is,  on  the  Acquisition  claim,  just  west  of  Main  St. 
(J  25,  Fig.  2). 

Crystals  of  calcite,  of  the  diameter  of  a  lead-pencil,  occur  in  vugs  in 
the  quartz ;  but  although  this  is  a  marked  characteristic,  the  amount 
of  calcite  is  not  sufficient  to  prevent  the  ore  from  being  very  siliceous. 
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The  veins  range  in  width  from  a  few  inches  of  quartz,  "frozen" 
to  (he  granite  of  both  walls,  to  several  feet  of  somewhat  crumbly 
quartz ;  the  narrow  ones  are  the  richer. 

.Manganese-minerals  are  present  in  very  subordinate  amount,  so 
that,  while  occupying  the  top  of  the  series  as  to  richness  of  ore,  these 
veins  stand  lowest  in  manganese-percentage. 

The  only  extensive  mining  west  of  Missoula  gulch  and  east  of  the 
Butte  has  been  on  this  system,  where  a  great  deal  of  valuable  ore 
has  been  mined  on  the  Anselmo,  Hope,  and  Volunteer  (C  26,  A  26, 
and  A  29,  Fig.  2),  but  mainly  by  lessees  and  at  shallow  depths. 

Mineral  Character. — The  mineral  characteristics  of  this  belt  (be- 
sides the  calcite  crystals,  already  mentioned,  but  only  found  in  the 
middle  portion  of  it)  are  :  a  subordinate,  but  general,  occurrence  of 
rhodochrosite,  sometimes  crystallized  in  vugs,  but  more  often 
cemented  in  with  the  quartz;  sphalerite  in  small  patches  and  large 
bunches  (the  latter  slightly  contaminated  with  copper,  so  as  to  show 
stain  on  oxidation),  and  of  low  grade  in  precious  metals;  cerussite, 
of  good  silver-value,  near  the  surface,  passing  below  water-level 
into  a  zincose  galena,  with  a  little  less  silver;  and  fine-grained  pyrite, 
usually  a  good  carrier  of  silver  and  gold. 

The  precious  metals,  besides  accompanying  the  pyrite  and  the 
lead-ores,  are  present  as  a  gray  cloud  or  "cast"  in  the  quartz,  which 
has  not  been  mineralogically  identified. 

In  studying  this  belt  it  must  not  be  forgotten  that  while  cutting 
the  gulch  it  is,  in  turn,  cut  off  by  the  Butte ;  so  that  the  gulch, 
which  marks  a  "  break"  for  the  copper,  seems  to  be  a  line  of  fault, 
of  older  date  than  the  Butte. 

Copper-Belt. 

The  copper-belt,  which  is  vastly  more  important,  economically, 
than  all  of  the  rest  put  together,  is,  roughly,  3000  feet  wide  at  its 
western  end,  at  Missoula  gulch,  and  some  7000  feet  at  its  eastern 
part,  before  it  sinks  under  the  heavy  granitic  sands  of  the  meridional 
valley,  10,000  feet  to  the  east.  West  of  Missoula  gulch  it  does  not 
extend,  that  whole  region  being  the  seat  of  more  or  less  valuable 
silver-deposits,  as  has  been  explained.  Thus  it  will  be  seen  that  the 
copper-veins  do  not  approach  the  Butte  within  2000  feet. 

In  general,  the  strike  of  the  copper-lodes  is  east  and  west,  though 
in  the  southeastern  portion  it  swerves  to  the  south.  The  general 
dip  is  south,  10  to  15  degrees  from  the  vertical ;  this  likewise  changes 
in  the  same  quarter,  becoming,  in  places,  as  flat  as  45  degrees. 

The  lodes  exhibit  great  irregularity.     In  many  places  they  have 
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no  defined  walls,  the  only  distinction  between  veins  and  country- 
rock  being  a  commercial  ore,  based  on  shipping  value.  Often  where 
walls  have  seemed  to  be  clearly  defined,  deposits  of  value  are  devel- 
oped behind  them.  Masses  of  unaltered  granite  occur  ga  close  con- 
junction with  ore-bodies;  and,  again,  decomposed  granite  is  found 
far  outside  of  the  fractured  zone,  and  where,  by  reason  of  the  ab- 
sence of  ores,  the  effect  of  decomposing  solutions  would  not  have 
been  expected. 

The  ore  occurs  in  shoots  that  "  finger  "  or  "  pinch  "  out  along  the 
strike,  though  often  reaching  to  several  hundred  feet,  and  these 
chutes  may  be  considered  as  tolerably  continuous  in  depth,  though 
often  subject  to  small  faults.  Frequently  the  fault  has  effected  what 
appears  as  a  longitudinal  movement  along  the  strike,  so  that  the 
ore-masses  overlap.  Hence,  when  a  lens  is  found  in  mining  to  pinch 
out,  with  a  good  show  of  slickensides  or  clay  walls,  the  natural 
course  of  the  miner  is  to  cross-cut  into  the  foot-  or  hanging- wall,  as 
the  first  step  in  further  development. 

The  lenticular  form  is  not  so  characteristic  of  the  larger  bodies  as 
of  the  smaller.  The  veins  vary  in  size  from  a  foot  or  two  of  com- 
pact ore  (at  rare  intervals  banded),  through  all  gradations,  up  to  the 
astonishing  100  feet  or  more  in  width  mined  in  the  Anaconda. 
Ten-foot  stopes  are  common,  20-foot  stopes  are  by  no  means  rare. 
Even  in  these  large  bodies  (perhaps  especially  in  them)  frequent 
prospecting  by  foot-  and  hanging-wall  cross-cuts  must  be  practiced, 
to  develop  the  small  bodies  that  branch  off  into  the  walls  at  inter- 
vals, as  well  as  to  furnish  waste  to  fill  the  large  cavities  left  by  such 
wide  stoping,  which  can  be  but  temporarily  held  open  by  even  the 
best  timbering. 

It  is  scarcely  necessary  to  explain  that  stopes  of  such  great  width 
do  not  imply  solid  ore  of  equal  width.  The  waste  (decomposed 
granite,  porphyry  and  some  quartz)  in  such  a  stope  would  commonly 
be  25  per  cent.,  and  might  be  sometimes  much  more. 

The  gangue  is  rather  granitic  than  quartzose  (this  term  being  used 
in  preference  to  "siliceous,"  to  denote  silica  in  the  form  of  vein- 
quartz). 

The  surface-indications  of  these  copper-veins  are  noticeable,  if  not 
prominent,  outcrops  of  dark-red  or  brown  quartz.  Just  below  the 
surface  this  is  associated  with  soft  red  and  yellow  iron  oxide,  carry- 
ing high  values  in  silver  and  particularly  in  gold,  but  poor  in  cop- 
per. To  this  last  statement,  however,  there  is  an  exception  :  there 
are  limited  occurrences  of  copper  oxide  of  high  percentage  in  copper, 
but  of  low  silver-  and  gold-value. 
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In  the  lower  portions  of  the  iron  oxide  zone  patches  or  streaks  of 
green  carbonate  of  copper  (less  frequently  the  blue  carbonate)  are 
often  found. 

These  altered  products  reach  to  perhaps  40,  perhaps  300  feet 
below  the  surface,  according  to  the  locality,  and  change  promptly  at 
water-level  to  the  normal  ores.  There  follows  below  a  region  of 
varying  height,  of  valuable  rock,  which  again  slowly  deteriorates  in 
depth,  this  deterioration,  however,  being  so  retarded  finally  as  to  be 
scarcely  appreciable. 

One  of  two  other  things  may,  however,  happen  below  the  zone  of 
the  first  "  base"  ore,  namely,  the  ore-body  may  suddenly  become 
poor,  remaining  so  for  100  or  200  feet,  and  then  recovering,  or  even 
exceeding  its  former  value;  or  the  ore-body  may  suddenly  become 
poor,  and  not  recover  at  all,  but  a  new  body  may  be  developed, 
either  in  a  different  part  of  the  vein,  on  the  strike,  or  in  a  parallel, 
neighboring  vein  or  split.  In  either  of  these  cases  the  new  body 
will  probably  have  its  top  some  100  feet  below  the  bottom  of  the 
first  body.  Very  seldom  can  the  phenomenon  be  traced  to  faulting, 
since  the  bodies  will  usually  die  out  into  the  granite.  The  appear- 
ance is  rather  that  of  a  shifting  of  the  depositing  solutions  from 
one  set  of  fissures,  or  one  part  of  a  single  set,  to  another. 

In  the  southwestern  portion  of  the  copper-region  the  Gagnou- 
Original  vein  (K  28,  Fig.  2)  is  remarkable  for  its  high  proportion  of 
silver;  but,  although  this  vein  undoubtedly  appears  further  east  as 
one  of  the  veins  of  the  Parrot  system,  this  characteristic  of  it  is  lost. 

The  strike  of  this  Gagnon-Parrot  system  is  a  few  degrees  north  of 
east,  which  is,  moreover,  for  the  most  part,  the  prevailing  strike  in 
the  copper-region ;  but  in  the  southeastern  portion  the  veins  have 
swung  towards  the  meridian,  giving  a  strike  of  nearly  45  degrees. 
Thus  it  comes  to  pass  that  these  veins  cut  across  the  strike  of  the 
"Ancient"  system  in  the  southwest  silver-belt,  nearly  at  right  an- 
gles, although,  as  before  stated,  the  actual  intersection  of  the  two 
systems  has  not  yet  been  developed. 

This  southeastern  copper-region  has  only  recently  been  opened  up. 
It  is  but  a  year  or  two  since  the  discovery  of  copper  below  outcrops, 
almost  smothered  in  heavy  wash  and  generally  believed  to  be  too 
far  in  the  flat  for  productiveness,  suggested  an  indefinite  extension  of 
the  copper-deposits  in  that  direction.  Extensive  development-work 
was  immediately  instituted,  and  several  valuable  discoveries  resulted. 
It  is  here  that  Glengarry  No.  2  (Y  35,  Fig.  2)  has  yielded  to  the 
Montana  Ore-Purchasing  Company  a  large  quantity  of  ore.  This  is 
the  farthest  outpost  in  the  flat. 


THE    ORE-DEPOSITS   OF    BUTTE    CITY. 


557 


But  upon  following  the  strike,  not  only  of 
the  last-named,  but  of  all,  the  copper-veins 
eastward  to  the  foothills,  copper-ore  is  again 
found  to  appear,  not  as  yet  developed  in 
valuable  quantities,  but  of  a  quality  largely 
the  same  as  that  of  the  great  deposits.  This 
is  interesting,  but,  perhaps,  not  remarkable. 
It  might  rather  be  remarkable  (and,  indeed, 
it  is  in  the  case  of  the  western  limit  of  the 
copper-belt)  if  such  a  shattering,  as  is  evi- 
denced by  the  large  deposits,  had  not  ex- 
tended, so  far.  How  thorough  this  shattering 
was  is  suggested  by  Fig.  3,  a  sketch  on  East 
Granite  St.  where  the  section  has  been  well 
disclosed  by  recent  grading.  The  occurrence 
of  a  dike  of  what  seems  to  be  acid  granite*  is 
also  to  be  noted  with  interest,  but  it  is  still 
to  be  determined  whether  this  follows  the 
strike  of  the  shattered  zone. 

Mineral  Character. — The  mineral  charac- 
teristics, so  far  as  determined,  are  varying 
proportions  of  the  dark  sulphides  of  copper, 
shading  into  chalcopyrite,  and  again  into  py- 
rite.  These  three  occur  also  intimately 
mixed,  so  that  one  often  sees  yellow,  pea-like 
grains  of  chalcopyrite  embedded  in  steel- 
gray,  perhaps  slightly  porous,  chalcocite,  side 
by  side  with  whiter  grains  of  pyrite,  or  even 
the  latter,  appearing  in  smaller  grains  in  the 
yellow  sulphide  itself.  Only  the  two  pyrites 
are  seen  in  crystals,  and  even  these  occur 
more  commonly  in  masses.  Bornite  is  fre- 
quent. 

The  gangue,  as  already  observed,  is  largely 
granitic,  with  vein-quartz  not  prominent. 
Manganese-minerals  are  absent,  conspicu- 
ously so,  in  view  of  their  predominance  in 
the  surrounding  silver-region. 

The  Gagnon  (K  28,  Fig.  2),  has  some 
peculiar  minerals,  which  have  been  studied 
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*  The  decomposed  rock  at  the  surface  resembles  the  acid  granite;  but  since  this 
paper  was  written,  a  further  examination  has  convinced  me  that  it  is  porphyry. 
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and  reported  to  the  Institute  by  Mr.  Pearce  (Trans.,  xvi.,  62). 
These  have  been  detected  in  the  same  vein  eastward  in  the  Original 
(M  28,  Fig.  2),  but  are  not  known  to  exist  beyond  this  point. 

To  the  catalogue  of  associated  minerals  may  be  added  fluorite, 
occurring  in  small  crystals  in  the  Estella  (L  21,  Fig.  2),  and  con- 
siderable quantities  of  galena  and  sphalerite  in  the  Moscow  and 
Oro  Butte  (H  23,  G  23,  Fig.  2),  still  further  to  the  northwest. 
Once  in  a  while  a  little  barite  appears.  It  is  noticeable  that  much 
of  the  ore  from  just  north  of  the  middle  silver-belt  has  the  same 
high  silver-assays  as  characterize  the  veins  south  of  the  same  belt. 

A  word  or  two  in  closing  as  to  the  most  notable  deposits  of  the 
copper-belt.  There  is  scarcely  a  part  of  the  belt  that  has  not  yielded 
large  quantities  of  ore,  and  the  actually  paying  region  shows  con- 
stant enlargement,  so  that  a  description,  true  to-day,  must  be  modi- 
fied to-morrow. 

The  Anaconda  and  Chambers  Syndicate  properties  lie  in  two 
principal  groups,  the  one  surrounding  the  Anaconda  (S  27,  Fig.  2), 
and  the  other  stretching  eastward  from  the  Buffalo  (N  21). 

The  Boston  and  Montana  properties  can  also  be  classed  in  two 
groups,  the  one  surrounding  the  Leonard  shaft,  in  Meaderville 
(approximately  AA  22),  and  the  other  in  the  Anaconda  hill  region, 
including,  as  best  known,  the  Mountain  View  (U  24). 

The  Butte  and  Boston  includes  the  Gray  Rock  (Q  17),  close  to 
the  northern  limit  of  the  copper,  and  the  Silver  Bow  group  (AA  31) 
almost  at  the  other  limit. 

The  Parrot  ownership  covers  the  Moscow  (H  23)  to  the  north- 
west, and  the  group  south  and  west  of  the  Parrot  claim  (Q  29). 

The  Colorado  Company's  properties  lie  closely  around  the  Gag- 
non  (K  28). 

The  Clark  properties  belong  to  the  same  system  :  one  just  to  the 
east  of  the  Parrot;  one  just  to  the  east  of  the  Gagnon  ;  a  third  just 
to  the  north,  and  connecting  properties  between. 

The  Montana  Ore-Purchasing  Company  now  holds  the  Glengarry 
No.  2  (Y  35)  and  the  Belmont  (T  32). 

Finally,  the  writer  has  avoided  all  theorizing  and  argumentation, 
desiring  not  to  maintain  a  thesis  of  any  kind,  but  simply  to  give  a 
sound  basis  of  facts,  free  from  that  suspicion  of  partiality  or  incom- 
pleteness which  inevitably  attaches  to  such  a  statement,  offered  in 
support  of  a  particular  theory. 


THE    MANGANESE   SLAGS   OF   TOMBSTONE,    ARIZONA.  559 


THE  MANGANESE  SLAGS  OF  TOMBSTONE,  ARIZONA. 

BY   JOHN   A.    CHURCH,    NEW  YORK  CITY. 

(Bridgeport  Meeting,  October,  1894.) 

When,  in  1879, 1  examined  the  mines  of  the  Tombstone  Mill  and 
Mining  Company,  at  Tombstone,  Arizona,  I  found  a  bed  of  tailings 
containing  12,000  tons,  which  had  a  value  of  9  to  12  ounces  of  silver 
per  ton  and  some  gold.  The  ore  had  been  amalgamated  in  pans,  in 
which  each  charge  had  been  ground  for  four  hours,  having  been  pre- 
viously stamped  through  rough-punched  screens,  which  gave  a  pro- 
duct varying  from  l-100th  to  l-20th  of  an  inch,  according  to  the 
state  of  wear  of  the  screen.  It  was  certain  that  a  large  proportion 
of  the  tailings  must  be  in  fine  slimes,  and  the  question  of  recovering 
their  value  was  difficult.  Even  now  the  concentration  of  slimes  is 
an  unwelcome  task,  and  at  that  day  very  little  was  known  about  it. 
Nevertheless,  after  considering  the  results  of  a  test  by  repanning  the 
tailings,  I  advised  the  company  to  concentrate  and  smelt,  although 
they  had  to  face  the  difficulty  of  making  a  smelting-product  from 
slimes  containing  only  3  per  cent,  of  lead. 

Limestone  was  abundant  enough,  but  no  iron  suitable  for  flux  was 
to  be  had  for  hundreds  of  miles.  One  of  the  company's  claims  con- 
tained an  argentiferous  manganese-ore,  which  gave  but  poor  results 
by  amalgamation.  This  was  one  reason  for  recommending  smelt- 
ing; for  if  manganese  would  play  the  part  of  a  precipitant,  as 
iron  does,  the  company  could  smelt  by  combining  two  of  its  silver- 
ores,  without  other  flux  than  the  small  amount  of  lime  that  might 
be  needed.  At  that  time  no  smelter  had  ventured  to  trust  manga- 
nese as  a  precipitant,  though  large  quantities  of  this  ore  containing 
silver  were  bought  and  used  by  custom-smellers,  who  looked  upon 
the  manganese  solely  as  a  basic  flux  for  silica.  I  believe  that  no 
other  furnace  has  been  obliged  to  trust  this  metal,  and  that  the  man- 
ganese practice  of  Tombstone  remains  unique  among  the  records  of 
smelting  lead-ores  in  the  shaft- furnace. 

The  bright  side  of  the  problem  was  given  by  the  fact  that  the 
mines  were  shallow  and  that  the  enterprise  would  at  least  begin  with 
oxidized  ores.     The  tailings  contained  about  85  per  cent,  of  silica, 
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and  of  the  remainder  8  or  9  per  cent,  consisted  of  iron  oxide, 
alumina  and  water.  The  rest  was  carbonate  and  sulphate  of  lead, 
with  a  little  pyrite,  galena  and  blende.  The  silver  was  partly 
chloride,  partly  telluride  and  partly  in  the  undetermined  condition 
in  which  silver  occurs  in  the  carbonates.  Gold  occurred  in  combi- 
nation— certainly,  to  some  extent,  as  a  telluride. 

I  have  already  described  to  the  Institute  *  the  method  of  concen- 
trating this  unpromising  material.  When  the  furnace  started  there 
was  no  lead  to  melt  into  the  well,  and  the  start  was  made  with  an 
empty  hearth.  The  first  run  was  made  in  September,  1882,  and  the 
furnace  ran,  with  some  interruption,  until  August,  1887.  Its  whole 
record  is  as  follows  : 

Days  run, 1,307 

Tons  smelted, 41,626 

Product :  lead  (refined  weight),    ....  2,734  tons. 

Product:  silver  (refined  weight),  .         .         .  914,269.58  ounces. 

Product :  gold  (refined  weight),   ....  5,182.02  ounces. 

The  furnace  labored  under  all  the  disadvantages  that  arise  from 
restriction  to  limited  sources  of  supply.  The.  concentrates  were  of 
sufficiently  uniform  quality,  but  the  manganese  was  mined  as  the 
furnace  required  it,  and  the  fluctuations  in  its  quality  were  very 
great.  Some  of  the  company's  ores,  unsuited  to  amalgamation,  were 
sent  to  the  furnace.  Other  ores  were  purchased,  but  the  supply  was 
so  variable  as  to  increase  rather  than  diminish  the  irregularities  with 
which  the  furnace  had  to  contend.  The  percentage  of  lead  in  the 
charge  was  never  above  8.6,  and  ran  down  so  that  for  long  periods 
it  was  only  4.6  per  cent.  No  matte  was  made.  After  the  furnace 
stopped,  and  wages  in  the  district  had  been  very  much  reduced,  the 
slag-dump  was  sorted  over,  and  a  certain  amount  of  rich  slags, 
matte,  speiss,  and  lead  was  obtained ;  but  the  matte  never  formed 
a  sufficient  quantity  to  separate  in  smelting  and  act  to  clean  the 
slags. 

Under  these  circumstances,  it  was  inevitable  that  the  composition 
of  the  slag  was  often  controlled  by  chance,  and  the  assays  show  vari- 
ations in  its  silica  between  28  and  48  per  cent.  The  variations  in 
all  other  constituents  must  have  been  equally  marked,  but  their 
limits  are  not  known.  Manganese  went  as  high  as  43  per  cent.,  but 
its  inferior  limit  was  never  ascertained.  Pot-samples  were  taken 
with  a  rod,  and  the  sample  from  each  shift  assayed.     Nothing  was 


*  Trans.,  xv.,  601. 
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determined  but  Si02,  Pb,  and  Ag,  and  very  few  complete  analyses 
were  made.     All  that  I  can  give  are  the  following  : 

Table  I. — Slag- Analyses. 


1 

2 

3 

4 

5 

MnO 

43.25 

11.56 

6.34 

7.50 

1.40 

29.60 

tr. 

25.40 
12.00 
10.80 
11.60 

1.48 
31.9 

1.48 

20.20 
13.30 

9..10 
11.80 

2.79 
32.80 

1.20 

14.04 
12.09 
11.91 
16.92 
0.41 
35.80 

12.10 

12.48 
10.52 
16.96 
5.28 
31.00 

FeO 

Al./)3 

CaO 

Pb 

Si02 

Ag  (Oz.  per  torO 

1.  Analysis  by  Mr.  lies.     Slag  made  in  1863. 

2.  Tlie  manganese  used  was  a  mixture  of  all  varieties  obtainable. 

3.  Slag  made  from  concentrates  and  manganese,  without  ore. 

4.  October,  1885.     2.8  MgO  is  counted  in  CaO. 

5.  February,  1886.     This  ran  very  slowly. 

Table  II. — Analyses. 


MnO., 

FeA 

A120, 

CaC03 

MgC63 

Pb 

PbC03 

Si02 

Ag  (Oz.  per  ton) 


Manganese. 


58.80 
3.75 
7.15 


1.50 
10."  SO 


60.10 
8.80 
6.90 
3.30 


1.60 
13.'  60 


Concentrates.  Limestone 


0.35 
7.25 
6.05 
2.85 
5.05 

40.20 

30.90 


5.20 
1.94 
8.96 
75.50 
tr. 


5.2 


At  first,  cast-iron  jackets  were  used,  but  they  gave  great  trouble 
at  times  by  cracking  at  the  shoulder.  A  small  curved  crack,  such 
as  would  be  made  if  the  thumb-nail  could  be  punched  through  the 
iron,  would  open  and  deluge  the  hearth  with  water.  For  that  reason 
some  campaigns  were  very  short  and  gave  bad  slags.  The  evil  was 
corrected  by  putting  in  steel  jackets,  the  construction  of  which  was 
somewhat  unusual,  being  especially  designed  for  convenience  of  re- 
pair. The  narrow  sides  were  formed  of  a  strip  of  soft  iron,  with 
the  edges  flanged  up  to  a  U-shape  and  bent  to  give  the  shoulder  or 
bosh.  The  inside  plate  was  put  on  with  rivets  and  the  outside  plate 
with  tap-bolts.  They  proved  to  be  extremely  convenient  and  effi- 
cient. Several  years  after,  under  similar  conditions  of  isolation 
in  China,  I  had  jackets  of  the  same  pattern  made  by  Chinese  black- 
smiths. 

vol.  xxiv. — 36 


562         THE    MANGANESE   SLAGS   OF   TOMBSTONE,    ARIZONA, 


o 


^ 


.ocaooiotoio^NO 

CO 

bio 

c3 

K  w  -    M    /.OCt-tl-O  O 

CO 

SOCO-^*T)ilCC5CCHH 

CO 

OB 

CO 

£  CM  CM  CM  i-i  CM  i-l         IO  CO  CM 

^OMOOHHOIXNO 
Ojindi-iNHOHMM 

CO 

p 

<J 

c 

a  be 

■OriWOONHlO'l'N 

CI 

M 

OcOCNCMCMCQ^CNCOiC"* 

CM 

Ph 

co 

. 

,C;--OiOMiOO)!O00  1>h 

C5 

13 

S  CO  i-<  id  id  '  ^   CftCOOHCJ 

CO 

OZ-NMiOiOtHr^C  W 

Tf 

1-1 

£i  i— 1  CO  CO  CM  CM  i— li- IffllNr- 1 

CO 
CM 

HNMMOCCCSNN^ 

co 

o 
O 

-T  i~  ic  cm  c  i^r  id  awsi 

t-^ 

CO  M  lO  CO  O  -^  ■*  N  ^  N 

CO 

^ot>»Mon»co 

i—i                        i— 1 1— i 

CO 

OCSfflNiOOCO'O^iO 

1—1 

3 

O  /j  U3  "*  M  M  »  3  "-O  ffl 

Tji 

1-  N  3!  H  3  iO  O  lO  'f  N 

rJH 

o 

CO  I— 1  »>•  Tfl  OS  CO  'O  —  CO  CM 

CO 

H 

CM  if1  CO  CO  CO  CM  i— ICS"OM 

C5 

CO 

NaUMOONO'JCO 

CM 

bi 

<*0-khiON3NlON 

id 

08 

io  ic  c  ti  n  c  3  "i  ^  ji 

co 

CO 

(NMNHMrt         ^  CO  CM 

CM 

CM 

ti 

OOCMcCiOOOOOO 

CO 

Cfl 

3 

TCOSil^COiOOt^OO 

id 

>5 

13 

OCNCOiOOSCNrfiOSCOOO 

CM 

O 

r-ICMCMCMCMi— li— it^COCM 

^ 

&H 

CO 

g 

w 

oi 

15 

C 
o 

oiow    ; 

I~ 

< 

eft 

r-5  cd  cd    : 

•t 

H 

0) 

G5  CM              ; 

CM 

o 

s 
3 

i— I 

d 

Ol«l— ii— IOOOOC0CC 

CO 

0 

ONCD^MOCOONM 

CO 

eg 

OOi-43COCOHTTCOHCvl 

IO 

be 

O  CO  "*  CM  i— I  CI  iC  i-h  t-  C 

CO 

c3 

1H   H  H   i-Tr-T                  COi-Tl— 

co" 

1—1 

s 

CO  O  CM  CO  lO  O  lO  CO  r>  — 

iO 

o> 

G  M  C5  S3)  M  f  rt  X  C  iC 

CO 

O 

01<!Nh-NON»OC 

CO 

i—l  CO          CM  CO  t^  CM  CO  ^f  CC 

o 

i-l 

iO 

o 

CMOOi— icoioooooa 

CO 

O  »  1^  H  CS  C  1<  33  (N  C 

i                CO 

O  N  'C  N  CC   3  OS  C«r 

eo 

a 

OOOO^OiOiOMNC 

)               •— ■ 

o 

i— 1  i— (  i— 1  i— l  CM               ■*  i— ir- 

1                 iO 

H 

o 

o 

CO 

<u 

bo 

C3 

•JSB 

a  jo  -on 

•            "is 

O 

r-iCMCO'CfilOCOt>o6c7>C 

!      1 

< 

THE    MANGANESE   SLAGS   OF   TOMBSTONE,    ARIZONA. 


563 


Omitting  some  of  the  irregular  blasts  and  also  the  first  two,  the 
records  of  which  were  not  kept  in  sufficient  detail,  the  data  of  ten 
blasts,  covering  nearly  40,000  tons  of  charge,  are  shown  in  the 
Tables  III.  and  IV.  The  record  is  continuous  from  May  10,  1883, 
to  August  31,  1887,  the  entire  work  of  that  period  being  given. 
It  covers,  in  fact,  all  but  1982  tons  of  the  material  smelted.  The 
weight  of  lead  previously  given  as  2734  tons  is  the  refiners'  return 
of  soft  lead.  The  actual  weight  of  crude  bullion  at  the  furnace  is 
not  given  in  the  records;  but  allowing  a  loss  of  5  per  cent,  in  treat- 
ment, the  weight  of  crude  bullion  would  be  2878  tons,  and  all  the 
calculations  in  this  paper  are  made  on  this  estimated  weight,  for  con- 
venience of  comparison  with  other  furnace-practice.  The  2644  tons 
of  lead  in  Table  III.  are  crude  bullion. 


Table  IV.- 

-Percentages  and  Slag- Assays. 

No.  of  Blast. 

Charge  in  Percentages. 

Lead. 
a 

0> 

o 

H 

<v 

?H 

7.1 

7.7 
8.6 
7.5 
6.5 
6.4 
7.6 
6.7 
4.9 
4.6 

6.7 

Slag  Assay. 

o 
«8 

C 
Q 
O 

o 
o 

o 

a 
2 

o 

a 
o 

a 

si 

C3 
00 

o 

a 

o 
o 

X 

Z 
u 

P4 

o 
u 

Qi 

S 

< 

1 

37.9 
24.7 
48.9 
43.1 
51.3 
21.5 
37.9 
47.7 
23.5 
31.6 

7.2 

20.1 

0.6 

8.2 

9.4 

30.0 

14.1 

4.3 

26.3 

18.8 

37.9 
40.6 
38.6 
37.6 
28.6 
38.9 
34.8 
34.7 
32.0 
31.7 

3.5 

0.6 
0.2 

3.9      9.6 

18.3 

24.8  t 
19.8 
20.0  j 
18.0  1 
23.2 
22.0  ! 
20.5  ! 
20.0 
21.0  ! 

32.70 
34.42 
32.22 
36.43 
37.09 
37.61 
34.50 
34.08 
38.56 
38.06 

1.71 

2.31 
1.90 
1.58 
1.78 
0.51 
0.25 
1.40 
1.56 
2.89 

1.77 
1.89 
1.10 
1.04 
1.48 
2.17 
1.45 
1.35 
2.73 
2.68 

2 

5.4 
6.3 
7.5 
7.5 
5.3 
8.9 
8.7 
12.3 
8.7 

8.6 
5.4 
3.6 
3.2 
4.3 
4.3 
4.6 
5.9 
9.2 

3 

4 

5 

6 

7 

8 

9 

10 

Average... 

38.2 

12.7 

35.2 

7.9 

5.7 

20.6 

It  will  be  noticed  that  the  percentage  of  lead  in  the  charge  was 
very  low  indeed  ;  and  when  it  is  considered  that  no  matte  was  made  I 
suppose  it  will  stand  as  the  very  minimum  in  the  metallurgical  prac- 
tice of  this  country.  At  times  it  was  necessary  to  charge  back  some 
of  the  bullion  ;  but  this  practice  is  apt  to  be  as  wasteful  with  man- 
ganese as  it  is  acknowledged  to  be  with  other  flux.  The  lead  re- 
turned in  the  form  of  bullion  for  the  whole  period  was  6.7  per  cent. 
The  slag  contained  on  an  average  1.68  Pb,  which  is  just  above  1 
per  cent,  on  the  charge.  There  can  be  no  doubt  that  these  results 
are  very  favorable,  considering   the  circumstances ;  and  later  on   I 
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will  show  that  the  work  done  in  some  months  was  really  tri- 
umphant. 

The  success  must  be  attributed  in  part  to  the  unusually  high  per- 
centage of  volatile  matters  in  the  flux.  The  coke  used  was  partly 
English  "  patent,"  which  is  very  good,  giving  about  11  per  cent, 
ash,  and  partly  New  Mexico  coke  which  I  think  always  had  20  per 
cent,  of  ash  and  sometimes  got  to  be  as  bad  as  coke  can  be  and  sell 
for  $15  per  ton  !  It  was  very  friable,  the  amount  of  fine  stuff  re- 
jected being  sometimes  10  and  15  per  cent. 

If  15  per  cent,  is  allowed  for  the  average  ash  of  the  coke  we  can 
calculate  the  amount  of  fusible  solids  going  into  the  furnace: 

Tons. 

Charge, 39,644 

Ash  of  coke,  15  per  cent.,        . 1,2'J.S 


40,872 
Slag  made,  25,336  tons. 
Lead  made,  2,644  tons.  27,980 


Volatilized, 12,892 

This  is  a  volatilization  of  31.5  per  cent,  of  the  charge,  omitting 
carbon.  If  we  omit  both  the  ash  of  the  coke  and  the  slag  recharged, 
the  volatilization  amounts  to  31.1  per  cent,  of  the  concentrates,  man- 
ganese, etc.,  which  contain  the  vaporizable  materials.  I  do  not 
know  what  the  proportion  is  in  the  ordinary  work  of  American 
smelters ;  but  I  think  it  was  unusually  high  at  Tombstone. 

When  we  compare  the  2644  tons  of  bullion  made  with  the  25,336 
tons  slag  and  2644  tons  lead,  total,  27,980  tons,  flowing  from  the 
furnace,  we  get  a  lead-charge  of  9.4  per  cent.  As  the  proportion  of 
lead  on  the  gross  charge  was  6.67  per  cent.,  it  is  evident  that  a  vola- 
tilization of  30  per  cent,  has  taken  place,  which  agrees  nearly  enough 
with  the  calculation  made  above  from  other  elements. 

It  may  appear  that  such  calculations  are  somewhat  refined,  if  not 
finical;  but  I  shall  show  later  on  that  the  lead-charge  went  down  as 
low  as  1.5  and  2  per  cent,  at  times,  and  averaged  4  per  cent,  for  a 
month,  and  that  such  percentages  do  not  forbid  good  slags.  Re- 
membering that  no  matte  was  made,  I  believe  the  performance  was 
almost  unique;  and  the  circumstances  that  made  it  possible  must 
have  interest. 

In  the  ninth  and  tenth  blasts,  8573  tons  of  charge  was  smelted 
with  the  low  lead-charge  of  4.8  per  cent. ;  and  considering  the  ab- 
sence of  matte,  this  is  a  noteworthy  performance  for  runs  that  cov- 
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ered  together  a  period  of  264  days.  When  we  examine  the  charge 
for  its  volatile  constituents  we  find  that  the  lead-charge  was  7.16  per 
cent,  of  the  fusible  solids. 

The  proportion  of  volatile  matters  in  the  fusible  solids  of  the 
charge,  the  percentage  of  lead  calculated  on  the  gross  charge  and 
also  on  the  product  of  slag  and  bullion  are  shown  in  Table  V.  The 
weight  of  the  slag  is  obtained  by  allowing  300  pounds  each  to  the 
number  of  pots  drawn. 

Table  V. — Proportion  of  Lead  to  Solid  Fused  Charge. 


No.  of  Blast. 

Volatile  in  charge. 
Per  cent. 

Lead    in  gross 
charge. 
Per  cent. 

Lead  calculated  on 

Slag  and  Bullion. 

Per  cent. 

1 

17 
24 
28 
37 
33 
29 
32 
29 
35 
29 

7.11 
7.70 
8.57 
7.48 
6.45 
6  37 
7.56 
6.73 
4.89 
4.65 

8.40 
10.08 

11.89 
11.96 

9.60 
8.89 
11  14 
9.50 
7.56 
6.52 

2 

3 

4 

5 

6 

7 

8 

9 

10 

29.4 

6.67 

9.44 

The  slag  was  hot  and  fluid,  and  retained  its  fluidity  for  a  long 
time  in  the  pot.  It  was  sometimes  remarkably  free  from  lead  and 
silver,  as  the  records  in  Table  VI.  show.  The  slag-assays  are  aver- 
aged for  each  month,  and,  in  addition,  the  number  of  days  on  which 
they  showed  merely  a  "  trace"  of  either  metal  are  given. 

Table  VI. — Slag- Assays  for  Five  Months. 


1885. 

Average. 

Trace. 

si 

Si02. 
Per  cent. 

Pb. 

Per  cent. 

Ag. 
Oz.  pr  ton 

Pb. 

Ag. 

June 

39.4 

36.0 

34.56 

34.26 

35.10 

0.8 

0.16 

0.18 

0.26 

0.42 

1.86 
2.49 
1.80 
1.44 
1.14 

8  days 
19     '< 
10     « 
13     '• 

6     " 

1  day 

6.62 
6.57 

7.76 
7.27 
8.20 

July 

August 

September 

October 

The  months  given  correspond  nearly  to  No.  6  (May  23d  to  August 
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6th),  and  No.  7  (August  16th  to  October  9th)  runs  in  the  former 
tables.  This  was  the  best  work  done  on  lead  by  the  furnace;  the 
best  on  silver  being  in  blasts  Nos.  3  and  4.  The  silver  in  the  slag 
never  rose  above  0.78  ounces  for  100  ounces  in  the  bullion,  and  va- 
ried between  that  and  0.4  ounces.  It  will  be  noticed  that  the  clean- 
ness of  the  slag  did  not  depend  upon  its  silica  contents.  This  fact 
is  shown  in  detail  all  through  the  records.  Eleven  per  cent,  of  the 
slag-assays  give  40  to  48  Si02 ;  25  per  cent,  show  38  Si02  and  over. 
Apparently,  manganese-slags  can  be  very  siliceous  and  still  very 
clean  ;  and  if  we  attribute  this  result  to  their  extreme  fluidity,  it 
would  indicate  that  the  losses  in  very  siliceous  slags  are  due  rather 
to  their  infusibility  and  consequent  viscosity  than  to  the  combining 
power  of  their  silica.  A  few  of  the  most  siliceous  slags  and  the 
conditions  under  which  they  were  made  are  shown  in  Table  VII. 


Table 

VII. — Highly  Siliceous  Slags. 

Slag  Assay. 

Charge.      Lead. 

Lead. 

iBullion- 

Assay. 

SiOo. 
Per  cent. 

Pb. 

Per  cent. 

Ag. 
Oz.  per  ton. 

Tons.         Tons. 

Per  cent. 

Oz.  per  ton. 

46.5 

2.0 

2.4 

32.6 

1.87 

5.7 

311 

-is. -j 

0.9 

2.4 

2i.4 

1.04 

3.7 

335 

45.2 

2.4 

O.S 

35.5 

2.55 

7.2 

290 

47.5 

1.4 

1.0 

33.5 

2.65 

8.0 

46.2 

2.4 

0.8 

36.9 

2.70 

7.3 

312 

45.0 

0.9 

2.8 

31.5 

1.35 

4.3 

467 

The  sorting  of  the  slag-dump  yielded  a  quantity  of  scrap-lead, 
matte,  speiss  and  rich  slags,  the  weight  and  contents  of  which  were 
as  follows : 


Weight. 

Contents. 

Tons. 

Silver,  oz. 

Gold,  oz. 

Lead,  pounds 

354.174 

25,041.63 

179.00 

94,359* 
Per  cent. 

Per  ton, 

70.7 

0.505 

13.32 

This  is  less  than  1  per  cent,  on  the  whole  quantity  smelted,  and 
less  than  1.3  percent,  on  the  absolute  solids,  omitting  the  volatile 
constituents.  If  we  confine  ourselves  to  those  blasts  in  which  the 
percentage  of  lead  was  under  7  per  cent.,  the  percentage  of  this  ma- 
terial to  the  gross  charge  was  1.47  per  cent.,  and  on  the  absolute 
solids,  2.13  per  cent.     I  consider  it  exceedingly  probable  that  most 


*  Equals  47.18  tons. 
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Table  VIII.-—  Work  of  May,  1886. 


3 
4 

7 

11 

12 
13 

14 
15 
18 
21 
22 
23 
27 
28 
29 


Average  of  month.. 


Slag-Assay. 

1>    i 

M3 

■§s 

/ 

A 

.a 
O  u 

a 

^  S 

.an 

3^ 

Is 

E£ 

fc* 

<Q. 

3  to 

Ph 

Ph 

o 

n< 

40.00 

1.00 

1.00 

34.1 

1.62 

4.7 

291 

40.40 

2.00 

1.60 

20.5 

1.20 

5.8 

300 

40.40 

0.70 

1.60 

32. 1 

2.09 

6.4 

309 

46.50 

2.00 

2.40 

32.6 

1.87 

5.8 

311 

41.00 

2.00 

1.40 

'     33.9 

2.29 

6.7 

352 

42.00 

1.00 

2.00 

35.7 

2.14 

6.0 

368 

40.40 

0.70 

1.40 

36.6 

1.83 

5.0 

354 

40.00 

0.60 

2.00 

37.7 

1.78 

4.7 

360 

40.00 

0.70 

0.80 

35.3 

2.19 

6.2 

324 

40.00 

1.80 

1.20 

33.3 

2.40 

6.5 

237 

41.00 

1.00 

1.20 

31.9 

2.14 

6.7 

230 

42.20 

1.80 

2.20 

29.7 

1.72 

5.8 

244 

41.50 

2.00 

1.60 

27.4 

2.24 

8.2 

216 

40.20 

1.00 

1.20 

31.5 

2.19 

7.0 

222 

40.20 

1.60 

1.40 

31.4 

2.40 

7.7 

224 

39.58 

1.22 

1.56 

1071.0 

63.01 

5.9 
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of  this  matte  was  made  in  those  periods  when  the  bullion  product 
ran  down  below  4  and  5  per  cent. 

The  percentage  of  lead  in  this  sorted  material  was  only  13.32  per 
cent,  and  as  a  part  of  this  was  in  clean  lead,  the  lead  contents  of  the 
matte  must  have  been  very  low  indeed,  under  10  per  cent.,  probably. 

May,  1886,  is  a  month  in  which  the  work  done  seems  to  indicate 
that  high  silica  had  no  bad  effect  on  the  slag,  and  January,  1887,  is 
a  month  in  which  Si02  was  high,  and  Ag  also  abnormally  high. 
Tables  VIII.  and  IX.  show  the  conditions  for  these  two  months 
respectively,  giving  in  each  case  the  averages  for  the  month  and  also 
the  days,  in  detail,  on  which  the  slag  ran  40  Si02,  or  more. 

Make  what  allowance  we  will,  the  record  of  January,  1887,  is  a 
very  remarkable  performance;  1073  tons  of  charge,  43.37  tons  of 
bullion,  a  slag  that  averaged  39.8  Si02,  bullion  averaging  612 
ounces,  and  with  all  these  trying  circumstances  a  loss  of  1.4  per 
cent.  Pb  and  3  ounces  Ag  per  ton  of  slag.  The  loss  of  lead  was 
16.64  per  cent,  and  the  loss  of  silver  6.5  per  cent,  of  the  amount 
charged.  Fuel  was  20.3  per  cent.,  and  the  quality  of  the  article  is 
sufficiently  indicated  by  the  fact  that  for  218  tons  used  in  the  fur- 
nace, 20  tons  were  thrown  away  as  too  fine. 
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Table  IX.- 

-  Work 

of  January,  1887. 

Si.. 

lg  -Assay. 

of 

6^ 

«0  oi 

&  5 

O  o 

■gS 

%-.■< 

c  c 

BO 

pa 

C  a 

a 

o 
P4 

a 

o 

Mo! 

<  ft 

N 

O 

2 

40.00 

44.20 
42.00 
44.00 
41.20 
40.80 
43.40 
40.00 
40.40 
42.80 
42.00 
40.00 
40.20 
40.00 
40.00 
40.40 
40.80 

1.20 
0.50 
1.00 
1.60 
1.20 
2.60 
3.00 
1.80 
0.80 
0.50 
2.40 
1.80 
1.40 
1.00 
2.00 
1.20 
1.40 

2.60 
2.00 
2.80 

4.00 
4.80 
5.20 
6.00 
4.00 
2.20 
2.00 
3.20 
2.00 
2.00 
2.80 
4.00 
2.00 
1.80 

39.5 
38.6 
35.2 
34.1 
34.8 
34.3 
38.2 
36.2 
38.8 
34.3 
33.3 
40.4 
48.3 
36.5 
23.6 
28.0 
33.0 

1.30 
1.30 
1.09 
1.41 
1.04 
0.67 
0.57 
1.18 
1.50 
1.09 
1.40 
1.35 
1.09 
1.35 
1.83 
1.72 
1.61 

3.4 
3.4 
3.2 
4.1 
3.0 
2.0 
1.5 
3.3 
3.9 
3.2 
4.2 
3.4 
2.3 
3.7 
6.3 
6.2 
4.S 

550 
580 
610 
630 
650 
780 
808 
720 
644 
650 
650 
630 
680 
600 
560 
500 
560 

3 

4 

5 

7 

11 

12 

13 

14 

16 

17 

18 

19 

21 

24 

30 

31 

A  verage  of  nion  t  h . . . 

39.80 

1.40 

3.00 

1072.7 

43.37 

4.03 

612 

It  is  evident  that  no  furnace  could  run  with  such  extremely  low 
percentage  of  lead  as  we  find  on  some  of  these  days.  Xo  doubt  bul- 
lion was  charged  back,  though  the  quantity  so  used  is  not  recorded. 
There  was  some  matte  sorted  out  of  the  dump,  as  already  said,  and 
though  it  was  not  saved  at  the  time  it  is  probable  that  the  greatest 
make  of  matte  fell  on  these  months  of  low  bullion-product  and  high 
silica  slags.  A  furnace  that  makes  only  72  bars  in  five  days'  steady 
run,  with  182  tons  of  charge,  has  fallen  on  very  hard  lines  indeed. 
The  bars  weighed  103  to  104  pounds  each,  crude,  and  gave  99.1 
pounds  of  soft  lead. 

If  we  confine  ourselves  to  the  32  days  for  which  the  details  are 
given,  the  amount  of  bullion  made  was  51.6  tons  and  of  slag 
approximately  683  tons,  containing  9.57  tons  of  lead,  giving  a  total 
of  61.17  tons  lead  charged,  or  8.22  per  cent,  on  a  total  fused  product 
of  744  tons;  and  5.58  per  cent,  on  a  total  gross  charge  of  1096  tons. 
The  results  obtained  with  such  impoverished  ores  and  a  slag  con- 
taining 41.8  Si02  indicate  that  under  more  regular  conditions  and 
with  a  charge  that  yielded  matte  as  well  as  lead,  the  liberal  use  of 
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manganese  will  enable  the  smelter  to  run  very  siliceous  slags  with 
good  results. 

The  worst  months  for  bad  slag,  omitting  those  which  were  affected 
by  accidents,  were  December,  1883,  and  May,  1887.  Comparing 
these  two  months,  we  have  the  following: 

Table  X. — December,  1883,  and  May,  1887,  Compared. 


Concentrates, 
Ore,     . 
Manganese, 
Flue  dust, 
Slag,    . 
Coke,  . 
Lead,  . 
Slag,  Si02 
"     Pb, 
'      "      Ag, 

In  December,  1883,  the  coke  was  a  mixture  of  f  English  patent 
and  \  Trinidad.  Its  character  is  not  mentioned  in  the  other  month. 
In  every  respect  the  former  month  was  an  exception.  It  was  the 
only  bad  month  in  a  series  of  good  ones,  and  the  cause  of  fractious- 
ness  was  never  clear.  The  furnace  ran  slowly,  passing  only  29  tons 
daily.  The  cause  was  different  in  1887.  Then  the  conditions  were 
changed.  Concentrates  were  falling  off  in  quantity,  more  ore  was 
smelted  and  the  whole  blast  (No.  10)  showed  an  unclean  slag. 

The  only  guide  to  the  cause  of  this  bad  work  seems  to  be  given 
by  the  proportion  of  lead  to  the  fusible  solids  of  the  charge,  the 
bad  months  showing  a  falling  off  in  this  proportion.  Comparing 
the  record  before  and  after  the  bad  month  of  1883,  we  have: 

Table  XL — Comparison  Showing  Relation  of  Lead  in  Charge  to 
Losses  in  Slag. 


December,  1883. 

May,  1887. 

Per  cent. 

Per  cent. 

.     44. 

28.4 

8. 

22.3 

40. 

38. 

2. 

5. 

6. 

6.3 

20.6 

20.6 

6.17 

5.08 

35.2 

38.3 

4.97 

2.9 

2.91 

2.5 

November,   1883 

December,  1883 

January,  1884 

March,  1884 

March  to  August,  1887 


Lead, 
Per  cent. 


10.7 
8.5 
9.3 

10.7 
6.5 


Slag-Assay. 


SiO«, 
Per  ce'nt. 


34.8 
35.2 
32.1 
32.4 

37.8 


Pb, 

Per  cent. 


1.09 
4.97 
2.70 
1.50 
2.60 


Ag, 
Oz.  per  ton. 


1.2S 
2.91 
1.32 
1.31 

2.60 
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Of  course,  experience  had  increased  by  the  latter  year,  and  better 
work  was  done,  but  the  record  indicates  that  the  practicable  mini- 
mum of  lead  had  been  reached  or  passed. 

Blasts  Nos.  9  and  10  are  interesting,  because  they  exhibit  the 
evil  effects  arising  from  a  simultaneous  falling  off  in  lead  contents 
and  an  increase  in  fusible  solids.  In  No.  9  the  percentage  of  bullion 
in  the  gross  charge  was  4.89  per  cent.,  and  in  No.  10  it  had  fallen 
to  only  4.G5  per  cent.;  but,  at  the  same  time,  the  percentage  of 
fnsible  solids  had  risen  from  65  in  No.  9  to  71  in  No.  10,  and 
the  consequence  was  that  the  bullion  made  formed  only  6.52  per 
cent,  of  the  fusible  solids  in  No.  10,  instead  of  7.56  per  cent.,  as  in 
No.  9.  The  lead  in  the  slag  almost  doubled,  rising  from  1.56  in 
No.  9  to  2.89  in  No.  10,  the  silver  remaining  nearly  constant.  It 
appears  that  under  the  conditions  of  Tombstone  the  work  was  ne- 
cessarily bad  when  the  bullicm  was  less  than  7.5  per  cent,  of  the  total 
fused  product. 

It  is  probable,  that  some  of  the  bad  features  in  the  work  done 
were  ascribable  directly  to  the  manganese.  The  higher  oxides  of 
this  metal  give  off  a  part  of  their  oxygen  very  readily;  and  it  is 
probable  that  the  large  consumption  of  fuel  was  due  to  the  discharge 
of  free  O  in  the  upper  part  of  the  furnace,  where  its  combustion 
could  do  little  good  in  comparison  with  the  amount  of  coke  it 
wasted. 

On  the  other  hand,  it  is  well  known  that  even  unstable  compounds 
may  be  stable  in  traces.  Ammonia  dissolved  in  water  is  very  un- 
stable even  at  ordinary  temperatures;  but,  it  is  said,  that  a  gallon 
of  ammonia  liquor  boiled  down  to  a  few  drops,  still  shows,  in  those 
drops,  traces  of  the  compound  radical.  So,  I  suppose,  manganese 
oxides  in  the  furnace  pass  through  the  zone  of  reduction  without 
losing  all  their  excess  of  O.  Enough  is  retained  and  carried  to  the 
hearth  to  exert  an  oxidizing  influence  in  the  moment  of  fusion.  In 
a  charge  that  contained  so  little  sulphur  as  the  charge  at  Tombstone, 
it  is  quite  possible  that  the  small  amount  of  matte  formed  was 
roasted  while  sinking  through  what  we  may  call  the  bath  of  per- 
oxidized  slag  in  the  hearth.  I  think  there  was  enough  sulphur  in 
the  charge  to  form  a  collectable  quantity  of  matte  under  ordinary 
conditions,  and  that  its  total  absence  during  the  period  the  furnace 
was  under  my  observation,  was  due  to  the  liberation  of  oxygen  in 
the  zone  of  fusion,  and  the  consequent  combustion  of  the  sulphur. 

It  is  to  this  cause  that  I  attribute  the  occasional  increase  of  lead 
in  the  slag  without  a  corresponding  iucrease  of  silver.     The  daily 
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records  show  that  this  took  place  frequently,  though  the  fact  is  ob- 
scured in  the  averages  given  in  the  tables.  The  oxidizing  slag  rested 
directly  on  the  lead-bath,  and  when  the  reducing  action  failed  for 
any  reason — abseuce  of  S  or  of  C — the  lead  was  oxidized  and  PbO, 
poor  in  silver,  entered  the  slag.  A  covering  of  matte  would  have 
prevented  this  loss,  and  I  suspect  that  in  a  furnace  using  manganese 
copiously  and  supplied  abundantly  with  sulphur,  there  would  be  a 
noticeable  oxidation  of  the  latter,  and,  as  compared  with  Tombstone, 
a  reduction  in  the  amount  of  fuel. 

Nos.  6  and  7,  which  covered  131  days,  show  a  very  marked  re- 
eduction  of  lead  lost  in  the  slag,  and  also  the  highest  expenditure  of 
coke,  except  in  blast  No.  2.  In  the  latter  case,  the  early  part  of  the 
run  was  made  with  American  coke  of  atrocious  quality,  and  the  ex- 
penditure was  nearly  26  per  cent. ;  but  in  the  latter  half  of  the  run 
some  English  coke  was  procured  and  the  mixed  fuel  fell  off  to  21 
per  cent.  In  Nos.  6  and  7  this  difficulty  did  not  exist,  and  there 
appears  to  have  been  a  direct  exchange  of  about  3  pounds  of  coke 
for  1  of  lead. 


ALU  NOG  EN  AND  BAUXITE  OF  NEW  MEXICO. 

BY  WILLIAM  P.  BLAKE,  MILL  ROCK,  NEW  HAVEN,  CONN. 

(Bridgeport  Meeting,  October,  1894.) 

At  the  August  meeting  of  the  Geological  Society  of  America,  I 
presented  a  paper  on  the  occurrence  of  alunogen  and  bauxite  upon 
the  Upper  Gila  river,  about  40  miles  north  from  Silver  City,  New 
Mexico,  together  with  observations  upon  the  geology  of  that 
region.* 

Inasmuch  as  the  subject  is  specially  interesting  to  metallurgists 
and  mining  engineers,  and  as  our  Transactions  contain  recent  im- 
portant papers,  by  Dr.  Hayes,  M.  Laur,  of  France  and  others,  upon 
bauxite,  I  venture  to  offer  to  the  Institute,  in  more  condensed  form, 
an  account  of  the  deposits  described  in  the  paper  above  referred  to. 

The  only  other  published  account  of  the  alunogen  locality  which 
I  have  been  able  to  find  is  a  prospectus-pamphlet,  issued  in  a  small 

*  The  general  position  may  be  seen  by  reference  to  the  small  map  accompanying 
my  paper  on  'Zinc  Ore-Deposits  of  Southwestern  New  Mexico,"  read  at  the  Vir- 
ginia Beach  Meeting,  February,  1894;  Trans,  xxiv.,  1S7. 
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edition  in  New  York,*  in  1892,  which  is  rather  for  commercial  and 
promoting  purposes  than  intended  to  be  an  exact  description. 

In  a  region  about  half  a  mile  square,  of  nearly  horizontal  strata 
of  volcanic  origin,  there  has  been  extensive  alteration  and  change  by 
solfataric  action,  or  possibly,  by  the  decomposition  of  disseminated 
pyrites  producing  aluminous  solutions,  which,  flowing  slowly  by 
capillary  movement  from  within  outwards  suffer  decomposition  at 
the  surface  with  the  production  of  sulphate  of  alumina  (alunogen), 
in  crusts  and  layers  upon  the  outer  portions  of  the  rocks,  attended 
by  the  deposition  of  siliceous  crusts,  and  the  separation  of  ferric  sul- 
phate; while  the  rocks  so  traversed  appear  to  be  deprived  of  a  part, , 
at  least,  of  their  silica  and  of  their  alkalies,  with  the  formation  of 
bauxite. 

The  alunogen  is  thus  an  outer  deposit,  while  the  bauxite  is  not  a 
deposit  but  is  an  internal  residual  mass  in  place.  Its  color  is  gener- 
ally bluish-white;  structure  amorphous,  granular,  without  concen- 
tric or  pisolitic  grains.  When  dried  in  the  sun  and  air  it  will  still 
lose  about  20  per  cent,  by  ignition.  It  gives  only  about  1  per  cent, 
of  soluble  matter  by  leaching  with  water;  is  infusible,  and  reacts 
for  alumina.  The  amount  of  residual  silica  and  alkalies  has  not 
yet  been  ascertained,  and  no  careful  full  analysis  has  been  made. 
The  composition  is  no  doubt  variable  in  samples  from  different 
places;  for  the  original  rocks  give  evidence  of  a  great  difference 
within  short  distances. 

Basic  Volcanic  Rocks. — The  rocks  appear  to  have  been  originally 
highly  basic  volcanic  porphyries  and  basalts,  accumulated  in  massive 
beds  of  brecciated  fragments,  the  outlines  of  which  have  nearly  dis- 
appeared so  that  the  mass  appears  to  be  homogeneous.  Careful 
observation  as  the  rocks  are  freshly  broken  out  discloses,  however, 
the  outlines  of  former  fragments. 

Origin  of  New  Mexican  and  French  Bauxite  Similar. — This  residual 
bauxite  appears  to  be  in  its  origin  analogous  to  that  of  France, 
which  is  also  residual,  while,  according  to  Hayes,  Spencer,  Branner 
and  others,  the  Appalachian  and  Arkansas  bauxites  are  deposits 
beyond  the  source  of  the  alumina. 

Hayesf  suggests  that   the  aluminous   supply   of  the    Alabama 

*  Prospectus:  "The  Alum  Mountain  Property,  New  Mexico,"  containing  state- 
ments by  A.  T.  Johnson,  Dr.  G.  H.  Sowers,  analyses  and  a  map  of  60  claims  (1250 
acres). 

t  "The  Geological  Relations  of  the  Southern  Appalachian  Bauxite  Deposits," 
by  C.  Willard  Hayes,  Ph.D.,  Trans.,  xxiv.,  243. 
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bauxite  came  from  underlying  shales  upwards  through  fractured 
strata,  to  be  finally  deposited  in  local  accumulations  above  the 
source.  He  regards  the  formation  of  alum  as  probable  by  the  action 
of  ferrous  sulphate  of  iron.  It  will  be  noted  that  the  phenomena 
observed  by  me  in  New  Mexico  lend  support  to  his  theoretical  views 
and  tend  to  confirm  them. 

Cause  of  Concentric  Structure  Suggested. — Some  of  the  specimens 
of  bauxite  with  extraneous  masses  of  chert  partially  investing  them 
have  a  rude  approximation  to  a  concentric  or  globular  arrangement, 
only  observed,  however,  at  the  surface  or  near  it.  So  also,  the 
crystallization  of  alunogen,  in  layers,  tends  to  form  globular  surfaces 
by  the  exfoliation  of  the  rock.  Is  it  not  possible,  therefore,  that  in 
some  cases,  at  least,  the  globular  concretionary  aspect  of  some  baux- 
ites is  due  to  decomposition  in  concentric  layers? 

The  difficulties  of  access  and  transportation  render  the  New 
Mexican  bauxites  commercially  unavailable  for  the  present. 


NOTE  ON  THE  TAYLOR  GAS-PRODUCER  PLANT  AT  THE 
ONTARIO  MILL. 

BY  C.  A.   STETEFELDT,  OAKLAND,  CAL. 

(Bridgeport  Meeting,  October,  1894.) 

In  my  paper  on  "The  Consumption  of  Fuel  in  the  Taylor 
Gas-Producer  Plants  at  the  Aspen  and  Marsac  Mills"  (Trans., 
xxiii.,  134),  I  mentioned  that  in  the  plant  which  I  had  designed  for 
the  Ontario  mill,  the  gas-tubes  were  to  be  covered  with  thin,  corru- 
gated sheet-iron,  over  which  a  coating  of  asbestos-magnesia  would 
be  spread  in  order  to  effect  a  good  insulation  and  keep  the  gas  as 
hot  as  possible. 

At  the  Ontario  mill,  two  Stetefeldt  furnaces  and  two  revolving 
driers  are  fired  with  gas.  One  furnace  is  connected  with  a  Taylor 
producer  of  5  feet  diameter,  and  the  other  furnace  and  the  two 
driers  are  heated  by  the  gas  from  a  Taylor  producer  of  7  feet  diam- 
eter. In  the  latter  case,  the  gas-tubes  are  necessarily  somewhat  long, 
and  the  cleaning  of  them  takes  time.  In  order  to  prevent  over- 
heating of  the  tubes  during  that  operation,  it  has  been  found  advan- 
tageous not  to  provide  them  with  an  insulating  covering.  If  a  tube 
becomes  red-hot  at  any  place  by  the  burning  of  soot,  this  is  at  once 
observed,  and  the  tube  is  closed  until  it  cools  down.     The  tubes  con- 
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necting  the  5-foot  producer  with  one  Stetefelelt  furnace  need  cleaning 
about  once  in  three  months  ;  the  system  belonging  to  one  furnace,  two 
driers,  and  a  7-foot  producer  has  to  be  cleaned  every  two  weeks.  This 
is  due,  according  to  Mr.  A.  D.  Moffat,  superintendent  of  the  Ontario 
mill,  to  the  fact  that  in  the  former  case  the  producer  is  running  at  very 
low  pressure,  while  in  the  latter  case  a  much  higher  pressure  is  neces- 
sary, whereby  a  considerable  quantity  of  fine  ashes  is  carried  into  the 
tubes.  Since  the  5-foot  producer  consumes  4|  tons,  and  the  7-foot 
producer  8  J  tons  of  coal  per  day,  and,  consequently,  the  quantities  ot 
coal  consumed  are  proportional  to  the  areas  of  the  producers,  it  is 
somewhat  surprising  that  a  great  difference  in  pressure  should  become 
necessary  in  operating  the  two  producers.  The  difference  in  length  of  * 
gas-tubes  alone  does  not  account  for  it. 

The  following  statistics  have  been  obtained  from  Mr.  Moffat: 

5-Foot  Gas-Producer  with  Stetefeldt  Furnace. 

Tons. 
Coal  consumed  in  twenty-four  hours,  ......       i^ 

Ore  roasted  in  twenty-four  hours,         ......     40 

7 -Foot  Gas- Producer  with  Stetefeldt  Furnace  and  Two  Revolving 

Driers. 

Tons. 
Coal  consumed  in  twenty-four  hours,  .         .         .  .         .       8^ 

Ore  roasted  in  twenty-four  hours, 40 

Ore  dried  in  twenty-four  hours, 80 

Salt  dried  in  twenty-four  hours,  .......     12 

Formerly  the  total  daily  consumption  of  fuel  was: 

22  cords  of  wood  at  $5.75,  .......     $126  50 

Against  a  present  consumption  of  13  tons  of  coal  at  $4.75,         61  75 

Daily  difference  in  favor  of  gas, $64  75 

I  am  informed  that  the  roasting  is  at  present  conducted  at  a  higher 
temperature  than  was  formerly  the  case  with  wood.  This  would  make 
the  economy  of  using  gas  still  greater. 

In  conclusion,  I  would  call  attention  to  the  fact  that  a  much  greater 
quantity  of  coal  is  used  per  ton  of  ore  for  roasting  at  the  Ontario  mill 
than  at  the  Marsac,  namely,  225  pounds  in  the  former  against  142 
pounds  in  the  latter.  This  is  principally  due  to  the  smaller  quantity 
of  ore  roasted  in  the  Ontario  furnaces,  namely,  40  against  70 
tons. 

In  drying  ore  and  salt,  both  mills  consume  practically  equal  quan- 
tities of  coal,  namely,  87  and  86.6  pounds  per  ton  respectively. 
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A  UNIFORM  METHOD  FOR  TEE  ASSAY  OF  COPPER- 
MATE  EI  ALS  FOR  GOLD  AND  SILVER. 

BY   ALBERT   R.    LEDOUX,    NEW   YORK   CITY. 

(Bridgeport  Meeting,  October,  1894.) 

In  Great  Britain  all  analytical  chemists  are  styled  assayers,  but 
in  the  United  States  a  slight  distinction  is  made,  assavers  being  con- 
sidered those  analytical  chemists  who  have  chiefly  to  do  with  the  de- 
termination of  the  precious  metals. 

There  have  grown  up  around  the  assayers  of  precious  metals  a 
number  of  customs  and  traditions  which,  as  a  rule,  do  not  fetter 
American  chemists  when  called  upon  to  determine  the  composition 
or  constituents  of  any  samples  submitted  to  them  for  analysis. 

In  Great  Britain,  on  the  other  hand,  trade-customs  even  go  to  the 
extent  of  enforcing  the  employment  of  an  admittedly  erroneous 
atomic  weight  in  certain  alkali-determinations.  If  the  American 
chemist  is  asked  to  determine  the  amount  of  lime  in  a  water,  potash 
in  an  alkali,  or  silica  in  an  ore,  the  owner  of  the  sample  does  not 
presume  to  suggest  what  method  he  shall  employ,  nor  does  he  ques- 
tion his  report  on  the  ground  that  he  should  employ  another 
method. 

But  even  in  America  it  is  different  with  the  assayer.  Unfortu- 
nately for  the  guild,  as  well  as  for  those  who  have  to  base  business 
operations  on  the  reports  of  assayers,  customs  and  traditions  as  well 
as  divergent  interests  seek  to  circumscribe  him  in  his  choice  of 
method  and  sometimes  dictate  how  he  shall  perform  his  operations. 
This  was  true  at  one  time  of  copper,  which  to-day  in  England  is 
still  determined  by  the  so-called  Cornish  fire-assay,  an  attempt  to 
imitate  in  the  laboratory  the  various  metallurgical  operations  in  the 
smelting- works;  but  nowhere  in  this  country  is  the  assayer  forced  to 
employ  any  particular  method  for  determining  copper  so  long  as  his 
certificate  indicates  the  true  total  percentage  of  copper  in  the  sam- 
ple. It  is  true  that  both  buyers  and  sellers  demand  use  of  the  elec- 
trolytic method,  but  only  because  it  is  the  most  accurate.  In 
America  the  trade  accepts  the  assayers  statement  as  final,  and  makes 
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its  own  allowances  or  deductions  from  the  price  asked  or  paid 
according  as  the  material  is  known  or  supposed  to  be  more  or  less 
free  from  ingredients  which  would  render  the  smelting  and  refining 
more  or  less  expensive  and  difficult. 

But  when  it  comes  to  the  assay  of  gold-  and  silver-ores,  or  cop- 
per-mattes and  bars  containing  gold  and  silver,  many  of  the  buyers 
insist  that  the  assay  shall  be  by  fire,  while  many  of  the  sellers  en- 
deavor to  enforce  special  methods  known  to  give  higher  results  than 
the  ordinary  fire-assay.  It  is  greatly  to  the  credit  of  American 
assayers,  as  well  as  an  indication  of  the  fairmindedness  of  our  busi- 
ness men,  that  there  is,  as  yet,  no  such  class  distinction  between 
assayers  as  we  find  in  England,  where  some  men  are  known  as 
"  sellers'  "  assayers  and  some  as  "  buyers'  "  assayers,  it  being  under- 
stood that  each  will  employ  a  method  yielding  results  most  in  accord- 
ance with  the  interest  of  the  person  who  employs  him. 

In  1888,  Prof.  J.  W.  Langley,  of  Pittsburgh,  called  attention  to 
the  desirability  of  international  standards  for  the  analysis  of  iron 
and  steel ;  and  the  result  of  the  movement  thus  initiated  was  the 
general  adoption  of  standard  methods  in  the  determination  of  car- 
bon and  other  important  elements  in  iron  and  steel.* 

It  is  the  hope  of  the  writer  that  a  similarly  desirable  result  may 
be  obtained  by  a  discussion  of  the  methods  for  the  assay  of  copper- 
furnace  material  containing  gold  and  silver. 

In  considering  this  question,  we  notice  in  the  outset  a  divergence 
between  the  methods  usually  employed  in  the  east  and  west  of  the 
United  States.  Most  of  the  eastern  public  assayers,  as  well  as  those 
employed  by  eastern  smelting-works,  use  what  may  be  called  a  wet 
method,  but  is  strictly  speaking,  a  combination-method  of  assay. 
While  there  are  many  details  incidental  to  different  laboratories,  this 
wet  method  may  be  outlined  briefly  as  follows: 

For  Gold. — One  assay-ton  of  the  copper-borings  or  matte  is  trans- 
ferred to  a  Xo.  5  beaker  with  a  clock-glass  cover.  The  sample  is 
treated  with  a  mixture  of  100  c.c.  of  water  and  50  c.c.  of  nitric 
acid  of  sp.  gr.,  1.42.  When  the  violent  action  has  ceased,  50  c.c. 
more  of  the  nitric  acid  is  added,  and  the  solution  is  gently  heated 
until  everything  soluble  has  been  dissolved.  The  contents  of  the 
beaker  are  then  raised  to  the  boiling-point,  the  cover  is  removed,  and 
boiling  is  continued  until  most  of  the  free  nitric  acid  has  been  ex- 
pelled.    The  solution  is  then  diluted  with  about  400  c.c.  of  water 

*  See  Trans.,  xix.,  614. 
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free  from  chlorine,  5  c.c.  of  concentrated  sulphuric  acid  is  added, 
and  then  10  c.c.  of  a  concentrated  solution  of  either  acetate  or  ni- 
trate of  lead.  The  dense  white  precipitate  of  lead  sulphate  carries 
down  with  it  the  minute  particles  of  gold  which  may  be  suspended 
in  the  solution.  The  precipitate  is  then  allowed  to  settle  for  some 
hours — over  night,  if  possible.  It  is  then  filtered,  washed  once  or 
twice  with  water,  the  beaker  is  carefully  cleaned,  and  the  filter  and 
contents  now  practically  free  from  copper,  are  partially  dried, 
wrapped  in  thin  lead-foil,  and  transferred  to  scorifiers;  enough  test- 
lead  is  added  to  bring  the  total  lead  present  up  to  50  grammes,  a 
pinch  of  borax  glass  is  placed  on  top,  and  the  scorification  is  con- 
ducted as  usual.  It  is  necessary  to  raise  the  temperature  gradually 
until  the  paper  has  been  consumed  and  the  contents  of  the  scorifier 
melted  down.     Cupellation  is  conducted  in  the  usual  manner. 

This  method  is  intended  for  the  determination  of  gold  ;  but 
enough  silver  will  be  present  to  allow  the  bead  to  be  parted.  When, 
however,  considerable  gold,  say  two  or  three  ounces  per  ton,  is  sup- 
posed to  be  present,  it  is  well  to  add  a  drop  of  salt  solution  to  the 
original  nitric  acid  solution,  to  precipitate  some  of  the  silver  along 
with  the  lead,  or  else  to  add  a  small  amount  of  pure  silver  at  the 
time  of  scorification.  It  is  important  not  to  precipitate  all  the  sil- 
ver, as  in  that  case,  there  might  be  an  excess  of  salt  which  might 
liberate  chlorine  and  vitiate  the  results  as  to  gold. 

For  Silver. — The  usual  method  employed  in  the  east  for  the  assay 
of  copper  bars,  mattes,  ores,  etc.,  containing  silver  is  likewise  modi- 
fied in  different  laboratories.  These  modifications  vary,  as  a  rule, 
with  the  supposed  richness  in  silver  of  the  sample  treated.  The 
sample  is  dissolved  in  dilute  nitric  acid,  as  described  in  the  above 
method  for  gold.  To  the  solution,  after  the  addition  of  sulphuric 
acid  and  before  that  of  lead  acetate,  a  solution  of  chloride  of  sodium 
is  added  in  a  sufficient  quantity  to  throw  down  all  the  silver,  the 
addition  being  gradual,  and  avoiding  a  great  excess  (as  silver  chlo- 
ride is  more  or  less  soluble  in  sodium  chloride  solution) ;  then  the 
lead  acetate  is  added,  the  solution  is  well-stirred,  and  the  mixed  pre- 
cipitate of  lead  sulphate  and  silver  chloride  is  allowed  to  settle  as  in 
the  gold  determination.  The  rest  of  the  process  is  conducted  ex- 
actly as  in  the  previous  case  for  gold.  Where  any  considerable 
amount  of  gold  is  present  it  is  of  course  necessary  to  part  the  beads 
and  deduct  the  weight  of  gold  present,  which  otherwise  would  be 
weighed  as  silver,  thus  erroneously  increasing  the  proportion  of  this 
metal.  The  gold  obtained  by  this  parting  is  usually  less  than  the 
vol.  xxiv. — 37 
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figures  obtained  by  the  special  assay  for  gold,  because  some  of  the 
gold  is  dissolved  by  chlorine  through  the  excess  of  sodium  chloride 
employed. 

Some  assayers  determine  the  gold  and  silver  at  one  operation  by 
taking  the  filtrates  from  the  gold  and  lead  sulphate  precipitate  ob- 
tained as  above  described,  precipitating  the  silver  in  this  solution  as 
chloride,  adding  more  lead  acetate,  and  after  filtering  combining  the 
two  filter  papers,  one  containing  the  gold  and  the  other  the  silver, 
and  uniting  them  for  one  scorification  and  subsequent  cupellation. 
This  method  is  more  economical  for  the  assayer,  and  has  the  advan- 
tage also  of  two  filtrations  for  gold,  catching  any  fine  particles  which 
might  pass  through  the  first  filter;  but  on  the  other  hand  it  takes 
more  time,  because  the  same  solution  is  twice  settled.  In  the  first 
method,  the  settling  of  the  gold  and  silver  precipitates  goes  on 
simultaneously. 

In  the  West,  the  all-fire  method  is  employed  almost  exclusively, 
so  far  as  I  can  ascertain.  In  the  Omaha  and  Grant  works,  for  ex- 
ample, ten  portions  of  sample,  of  one-tenth  A.  T.  each,  are  weighed 
out  and  scorified  with  50  grammes  of  test-lead,  one-half  of  which 
lead  is  mixed  with  the  sample  and  the  remainder  used  to  cover  it  in 
the  scorifier.  One  gramme  of  borax  is  added.  The  lead  buttons 
obtained  by  the  scorification  are  cupelled  separately,  but  the  ten 
beads  are  weighed  together.  The  cupels  are  then  ground  up  and 
fused  in  five  lota  of  two  each,  with  the  following  charge:  Litharge, 
90;  soda,  50;  borax-glass,  50,  and  argol,  3  grammes.  The  five 
buttons  are  cupelled,  and  the  silver  is  added  to  that  obtained  in  the 
first  operation,  representing  the  loss  in  scorification.  All  the  beads 
are  then  parted  for  gold,  which  is  deducted  from  the  total  weight 
as  usual. 

My  experience  shows  that  the  determination  of  gold  obtained  by 
this  process  is  usually  higher  than  where  the  wet  process  previously 
described  is  employed.  It  may  be  well  to  give  certain  instances  in 
my  own  experience.  On  high-grade  copper  bullion,  which  contains 
on  an  average  about  400  ounces  of  silver  per  ton,  the  results  were : 

Combination 
Fire  assay.         wet-and-dry  assay. 

Gold,  ounces  per  ton, 1.06  0.92 

-  "              .....     1.32  1.24 

"  0.34  0.20 

In  bullion  containing  300  ounces  of  silver  per  ton  : 
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Combination 
Fire  assay.         wet-and-d  ry  assay. 

Gold,  ounces  per  ton, 4.06  3.96 

"  "  2.76  2.56 

2.72  2.44 

In  matte  containing  60  per  cent,  of  copper  and  60  ounces  of  silver  : 

Combination 
Fire  assay.        wet-and-d  ry  assay. 
Gold,  ounces  per  ton 0.'^4  0.20 

The  two  processes  usually  agree  very  closely  for  silver,  provided 
the  cupel-absorption  is  determined,  when  the  silver  is  assayed  by 
the  combination  wet  process.  This  cupel-absorption  is  very  much 
less  by  the  wet  process  than  by  the  all-fire  method,  because  by  the 
former  the  copper  has  been  eliminated,  and  is  not  present  to  help 
carry  the  silver  into  the  cupel.  In  some  instances,  where  substances 
are  present  which  would  cause  volatilization  of  silver  in  scorification, 
the  wet  assay  gives  higher  figures,  because  the  interfering  substance 
has  been  removed  by  the  acid. 

The  Western  all-fire  process  for  mattes  is  similar  to  that  em- 
ployed for  bars,  except  that  a  second  scorification  is  sometimes  nec- 
essary before  cupellation.  The  second  scorification  is  usually  per- 
formed in  a  small  2|-inch  scorifier,  enough  test-lead  being  added  to 
the  button  obtained  from  the  first  scorification  to  make  the  lead 
present  not  less  than  35  grammes. 

The  above  descriptions,  as  will  readily  be  seen,  are  in  the  baldest 
outline;  and  it  must  not  be  inferred  by  those  interested  that  all 
precautions  are  not  adopted  to  make  the  results  correct ;  such,  for 
instance,  as  igniting  and  dissolving  any  sulphur-balls  which  may 
form  when  the  matte  or  sulphuret-ores  are  dissolved  in  acid,  and 
adding  the  product  to  the  main  solution  before  precipitating  the 
silver  with  lead.  This  precaution  is  hardly  necessary,  however,  as 
the  very  small  amount  of  matte  or  ore  held  by  the  sulphur  would 
be  decomposed  in  the  scorification. 

Each  of  these  methods  in  the  hands  of  assayers  skilled  in  its 
application,  will  produce  very  uniform  results;  and  yet,  as  will  be 
seen  from  the  few  comparisons  given  above,  any  assayer  running  the 
two,  side  by  side,  will  get  divergent  figures  for  gold. 

The  subject  of  determining  gold  and  silver  in  copper-furnace 
material  has,  of  course,  received  careful  attention  from  all  assayers 
charged  with  such  duties,  and  there  are  many  excellent  papers  on 
this  subject,  notably,  one  by  Professor  Cabell  Whitehead,  Assayer 
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to  the  Mint  in  Washington,  which  is  published  in  vol.  vi.  of  the 
Journal  of  Analytical  Chemistry,  p.  262,  etc.  Professor  Whitehead 
recommends  a  combination  method,  in  which  the  silver  is  precipi- 
tated by  sodium  bromide  instead  of  chloride,  on  account  of  the 
greater  insolubility  of  silver  bromide.  He  says,  however,  that  in 
his  experience,  it  is  better  to  precipitate  the  lead  also  as  bromide, 
rather  than  -sulphate.  I  will  not  give  his  method  in  detail,  as  the 
object  of  this  paper  is  not  to  discuss  the  merits  of  various  methods 
proposed,  but  to  draw  out  suggestions  from  other  assayers  interested, 
as  I  am,  in  the  adoption  of  a  uniform  standard  method  that  will  be 
as  accurate  as  possible  on  the  one  hand,  and  will  secure  on  the  other 
hand,  the  confidence  of  buyers  and  sellers,  whether  west  or  east  of 
the  Mississippi. 

The  problem  is  complicated  at  best,  and  especially  so  when  mattes 
and  ores  are  likely  to  contain  zinc,  arsenic,  nickel,  etc.,  as  well  as 
copper  and  iron. 

Western  practice  has  very  naturally  adopted  the  all-fire  method 
as  an  outcome  of  the  first  requirements  of  lead-silver  assaying  before 
copper  was  produced  to  any  great  extent  west  of  the  Mississippi,  or 
had  become,  as  it  is  to-day,  an  important  commercial  vehicle  for 
gold  and  silver. 

The  wet  method,  on  the  other  hand,  was  naturally  adopted  in  the 
East,  where  at  first  analytical  chemists  were  infrequently  called  upon 
to  assay  materials  containing  the  precious  metals,  but  were  in  gen- 
eral employed  rather  upon  chemicals,  waters,  iron-ores  and  other 
substances,  to  which  a  wet  method  only  is  applicable. 

The  difficulty,  also,  of  getting  correct  results  from  mattes  and 
ores  containing  zinc  or  other  metal  which  tends  to  aid  the  volatiliza- 
tion of  silver  has  had  much  to  do  with  the  adoption  of  the  wet 
method.  This  method  is  used  by  many  of  the  copper-refineries  in 
Montana  and  other  western  points,  as  well  as  in  the  East. 

In  my  own  laboratory  we  are  constantly  called  upon  to  mediate 
between  producers  in  the  West  and  buyers  in  the  East,  or  in  Europe, 
and,  like  all  assayers,  we  stand  between  two  fires;  but,  to  the  credit 
of  the  metal  business,  it  is  pleasant  to  record  the  fact  that  very 
rarely  has  any  one  ever  suggested  to  us  that  we  should  employ  a 
method  which  would  give  higher  or  lower  results  than  the  actual 
amount  of  gold  and  silver  present  in  the  material  assayed. 

I  have  purposely  refrained  from  stating  the  method  employed  in 
our  own  laboratory.  This  will  be  fully  described  at  the  proper  time, 
iu  connection  with  the  plan  suggested  below. 
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It  is  my  hope  that  when  satisfied  as  to  accuracy  the  trade  will  rec- 
ognize the  desirability  of  applying  to  the  assay  of  gold  and  silver 
the  principles  which  now  prevail  in  the  copper-trade  when  assaying 
for  the  latter  metal ;  that  is,  that  the  assayer  shall  be  asked  only  how 
much  total  gold  and  silver  are  present,  not  how  much  he  could  pro- 
duce by  applying  different  methods  of  assay. 

Whatever  method  is  adopted,  there  are  many  incidental  points 
which  need  to  be  considered,  especially  that  of  temperature  in  the 
furnace.  It  is  always  quite  possible  by  any  method  to  obtain  very 
different  results,  if  the  cupellation  is  conducted  at  the  maximum 
temperature,  on  the  one  hand,  or  at  so  low  a  temperature,  on  the 
other,  as  barely  to  escape  freezing.  Unless  some  standard  precau- 
tions are  taken  to  remove  this  difficulty,  it  will  not  be  so  much  a 
question  of  cupel-absorption  as  of  volatilization.  In  the  East,  where 
gas-furnaces  are  principally  employed,  it  is,  of  course,  much  easier 
to  maintain  uniform  temperatures  in  the  furnace. 

Without  discussing  the  subject  further  in  this  preliminary  paper, 
I  venture  to  propose  a  plan  of  co-operative  action  for  members  of 
the  Institute  engaged  in  this  business,  with  the  view  of  arriving  at 
an  ultimate  agreement  upon  a  standard  method.  I  am  aware  that 
the  Institute  as  a  body  cannot  officially  endorse  any  particular  theory, 
method  or  opinion.  It  is  only  a  forum  for  free  discussion.  But  its 
value  as  an  organized  medium  for  such  an  interchange  of  views  and 
experiences  as  will  result  in  substantial  technical  progress  is  un- 
questionable, and  such  an  interchange  is  beyond  doubt  the  necessary 
preliminary  to  any  professional  consensus  of  opinion,  however  au- 
thenticated. 

As  the  first  step  in  such  a  discussion,  I  would  propose  that  a 
number  of  samples  of  a  gold-  and  silver-bearing  copper-material 
should  be  distributed  to  as  many  assayers  as  are  willing  to  join  in 
a  "symposium  ;"  each  assayer  to  send  his  results,  together  with  a 
minute  description  of  the  method  employed  and  of  any  circumstances 
possibly  affecting  the  results  announced,  to  the  Secretary  of  the  In- 
stitute for  publication  without  the  names  of  the  assayers  or  ivorks.  The 
results  thus  published  could  not  be  used  to  affect  the  commercial  in- 
terests or  the  professional  standing  of  any  one,  and  would  be  avail- 
able as  a  basis  for  general,  thorough  and  really  profitable  discussion. 

I  wish,  by  this  plan,  to  place  myself  upon  an  equal  footing  with 
all  others  who  may  co-operate  in  the  proposed  comparative  test  of 
methods,  and  have,  therefore,  suggested  that  the  parties  shall  report 
to  the  Secretary,  and  not  to  me.     I  will  cheerfully  undertake  to  pre- 
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pare  the  necessary  samples  and  to  furnish  a  description  of  the  method 
of  preparation. 

It  gives  me  pleasure  to  announce  that  the  Omaha  and  Grant 
Smelting  and  Refining  Company  and  the  Baltimore  Copper  Smelting 
and  Refining  Company  have  signified  their  willingness  to  participate 
in  this  undertaking,  and  I  have  no  doubt  that  many  others  will  be 
glad  to  lend  their  aid. 


THE  PHOSPHATES  OF  TENNESSEE. 

BY  THOMAS  C.  MEADOWS,  C.E.  AND  LYTLE  BROWN,  C.E.,  NASHVILLE,  TEXN". 

(Substantially  a  portion  of  a  Post-Graduate  Thesis,  presented  for  the  degree  of 
C.E.,  at  Vanderbilt  University.) 

(Bridgeport  Meeting,  October,  1894,) 

I. — Historical. 

The  rock  now  known  to  almost  every  Middle  Tennessee  farmer 
as  "  phosphate,"  was  but  recently  recognized  as  such.  The  existence 
of  a  stratum  of  black  siliceous  rock  in  the  hills  surrounding  the 
Nashville  Basin  has  been  known  for  many  years  to  Dr.  Safford,  the 
State  geologist.  Nothing  about  it,  however,  would  lead  to  the  con- 
clusion that  it  contains  a  considerable  amount  of  bone  phosphate  of 
lime.  The  only  feature  that  might  attract  attention  is  its  very  dark 
color ;  and  since  it  occurs  near  the  "  black  slate,"  one  would  natu- 
rally infer  nothing  more  of  interest  to  be  connected  with  that  feature 
than  that  this  rock  and  the  "  black  slate  "  derived  their  carbonaceous 
matter  from  a  common  source. 

Many  of  the  country  people  have  mistaken  it  for  coal,  or  for  an 
indication  of  coal;  this  impression  being  strengthened  by  the  fact 
that,  when  a  piece  of  the  rock  was  thrown  into  a  blacksmith's  forge, 
a  slight  combustion  was  observed. 

As  will  be  more  fully  explained,  the  phosphate-rock  is  of  two 
kinds:  (a)  loose  or  separate  boulders,  occurring  in  a  stratum  of  clay 
or  blue  shale  ;  and  (6)  solid  rock  occurring  in  a  continuous  stratum. 
The  boulders  have  been  known  for  a  long  time  as  "balls,"  "kid- 
neys," "  stink-stones,"  etc.  ;  and  as  early  as  1887,  an  analysis  made 
under  the  direction  of  Dr.  Safford,  at  Vanderbilt  University,  showed 
one  of  these  boulders  to  contain  64  per  cent,  of  bone-phosphate  of 
lime.  This  information  awakened  no  great  interest  in  the  matter, 
for  the  probable  reason  that  at  the  same  time  it  was  known,  or  sup- 
posed to  be  known,  that  the  boulder-beds  were  of  limited  extent  as 
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well  as  thickness,  which  rendered  their  occurrence  insignificant  as  a 
source  of  fertilizing-material. 

In  the  fall  of  1893,  however,  Messrs.  Craik  and  Arnold,  of  Colum- 
bia, found,  near  that  place,  beds  of  boulders,  reported  to  be  about  1 
foot  6  inches  in  thickness,  and  sent  samples  to  the  laboratory  at 
Vanderbilt  for  analysis,  which  showed  65  per  cent  of  bone- phos- 
phate. Leases  were  immediately  taken  on  land  containing  the 
nodules,  and  some  talk  of  "  phosphates"  followed. 

The  solid  rock-phosphate  beds,  as  yet  not  thought  of,  were  dis- 
covered soon  after,  probably  more  by  accident  than  by  reason  of  any 
impetus  given  to  prospecting  through  the  knowledge  of  the  nodules. 
In  November,  1893,  Mr.  R.  W.  Childs,  of  Linden,  Tenn.,  sent  to 
Nashville  some  samples  of  rocks,  among  which  was  the  black  rock 
which  had  been  mistaken  by  so  many,  Mr.  Childs  among  the  num- 
ber, for  coal,  or  rather  a  sign  of  coal.  An  analysis  of  this  sample  by 
Mr.  J.  C.  Wharton  revealed  the  presence  of  phosphoric  acid  in  con- 
siderable quantity,  and  led  the  way  to  more  conclusive  work,  which 
showed  that  some  of  the  samples  yielded  75  per  cent,  of  bone-phos- 
phate of  lime.  Since  that  time  much  careless  prospecting  has  been 
done,  and  many  acres  of  land  have  been  "  optioned,"  leased,  or  even 
bought,  for  the  most  part  with  a  view  to  speculation.  Many  false 
reports  as  to  thickness  and  extent  of  strata  have  been'  published  in 
the  newspapers,  arising,  no  doubt,  from  the  fact  that  the  phosphate- 
stratum  is  in  juxtaposition  with  the  "  black  slate"  of  this  region 
and  has  been  confused  with  the  latter,  by  reason  of  a  similarity  in 
color  and  appearance,  misleading  to  a  casual  observer. 

The  regularity  with  which  the  stratum  of  phosphate-rock  occurs 
in  respect  to  other  rocks  of  this  region  has  rendered  prospecting  a 
simple  and  easy  matter,  particularly  when  aided  by  the  geological 
map  of  the  State  prepared  by  Dr.  SafFord,  which  shows  with  sur- 
prising accuracy,  so  far  as  experience  has  gone,  the  outcrop  of  the 
"  black  slate."  But  much  experience  as  regards  the  chemical  com- 
position of  the  material  is  required  forjudging  at  sight  of  the  value 
of  the  rock;  and  it  is  through  lack  of  such  experience  that  many 
very  favorable  reports  of  various  localities  are  untrustworthy,  unless 
the  prospector's  views  are  supported  by  analyses. 

Not  sufficient  time  has  elapsed  for  any  organized  effort  to  be  made 
in  mining  ;  but  enough  of  the  rock  has  been  taken  out  to  afford  a 
manufacturer's  test.  This  was  made  by  the  Nashville  Fertilizer  Com- 
pany, a  firm  working  heretofore  with  imported  raw  material.  The 
test  was  very  satisfactory,  with  both  nodules  and  solid  rock-samples. 
The  former  gave  a  product  which  dried  rapidly  and  gave  15  per  cent. 
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of  available  phosphoric  anhydride  ;  the  drying  of  the  solid  rock  was 
not  so  thorough,  while  it  afforded  13  per  cent,  of  available  phosphate. 
Of  a  sample  of  the  solid  rock  sent  to  the  Pratt  laboratory,  Mr.  Pratt 


says:  "From  the  small  amount  sent  us,  we  made  here  in  this  labora- 
tory a  small  quantity  of  acid  phosphate,  which  quickly  set  and  dried 
out,  leaving  a  fine  friable  and  beautiful  acid  phosphate,  fully  up  in 
appearance  and  working-qualities  to  any  we  have  ever  seen." 
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II. — Geographical. 

The  locality  of  the  phosphate-deposits  of  Tennessee  is  shown  on 
the  accompanying  sketch-map.  Not  qnite  all  of  the  region  indicated 
on  the  map  has  been  fully  explored  ;  but  wherever  the  Devonian 
outcrops  have  been  examined,  more  or  less  phosphate  has  been  dis- 
covered. The  heavy  black  line  on  the  map  represents  the  line  of 
Devouian  outcrop,  and  the  hatching  indicates  the  direction  in  which 
the  Devonian  and  phosphate-beds  extend.  This  map  indicates  that 
the  phosphate-area  in  the  State  is  very  large;  but  not  all  the  indica- 
ted area  contains  phosphate-rock  thick  and  rich  enough  to  work.  In 
some  places  the  phosphate-layer  is  rich  enough  to  work,  if  it  were 
only  thick  enough  to  pay  for  mining  ;  but  more  generally  the  thin 
beds  are  also  poorer  in  bone-phosphate  than  the  thicker  ones.  To 
give  some  idea  of  the  geographical  distribution,  we  will  take  up  each 
of  the  counties  in  the  phosphate-district  separately. 

Hickman  County. — Here  we  seem  to  have  the  best  display  of 
phosphate  that  has  yet  been  discovered.  At  Totty's  Bend  the  stratum 
of  phosphatic  material  is  54  inches  thick,  and  the  analyses  shew  an 
average  of  between  70  and  80  per  cent,  of  bone-phosphate  through- 
out a  thickness  of  40  inches.  The  remaining  14  inches  is  variable 
in  bone  phosphate,  some  parts  not  containing  more  than  30  per  cent. 
At  no  other  point,  even  in  this  county,  has  such  a  thickness  been 
discovered.  The  stratum  of  phosphate-rock  outcrops  in  Swan  creek 
bottom  for  nearly  its  entire  length,  and,  in  nearly  every  place  so  far 
opened,  is  found  to  be  thick  enough  and  rich  enough  to  warrant 
exploitation.  On  Fall  Branch,  a  tributary  of  Swan  creek,  the  mean 
of  five  a'nalyses  shows  71  per  cent,  of  bone-phosphate,  and  the  aver- 
age thickness  was  between  2  feet  6  inches  and  3  feet.  The  outcrop 
on  Xunn's  place  is  likewise  very  rich.  Further  up  Swan  creek,  at 
the  mouth  of  Indian  creek,  the  phosphate  is  very  sandy  and  con- 
tains not  more  than  40  per  cent,  of  bone-phosphate.  In  some  places 
we  find  from  6  inches  to  a  foot  of  phosphatic  nodules  above  the 
"black  shale;"  and  this  is  usually  the  case  in  Hickman  county. 
The  following  are  the  results  of  some  analyses: 


On  Fall  Branch 2 

Nunnelee's,  on  Indian  Creek, 
Nnnn's  Place,       ..... 
Nunnelee's  Place,  .... 

Nunnelee's  Place,  .... 

On  Fall  Branch, 

Mouth  of  Swan  Creek, 


Thickness, 
eet.    Inches. 

Bone  Phosphate 
Per  cent. 

2           9 

63.98 

3 

38.39 

3 

66.54 

3 

32.45 

3 

58.51 

3 

70.11 

1          8 

60.41 
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Lewis  County. — Just  above  the  junction  of  Little  Swan  and  Big 
Swan  creeks,  on  the  main  creek,  we  find  on  Mr.  Mayfield's  and  Mr. 
Weatherly's  farms  the  outcrop  of  a  very  rich  stratum  of  phosphate 
which  yields  more  than  70  per  cent,  of  bone-phosphate  on  analysis. 
There  are  other  places  on  Swan  creek  above  Mayfield's  that  have 
valuable  phosphate;  but  it  seems  that  they  all  show  more  pyrites 
and  sand  than  the  samples  from  Mayfield's  farm.  The  average  of 
eight  samples  taken  from  different  openings  on  that  place  by  Dr. 
Meninger  are  reported  to  have  given  77  per  cent,  of  bone-phosphate. 
This  region  is,  without  doubt,  second  only  to  that  of  Totty's  Bend. 
Lewis  county  lies  mostly  too  high  to  permit  the  expectation  of  very 
extended  outcrops  of  phosphate-rock,  and  we  fail  to  find  it  anywhere 
in  this  county  except  in  Swan  creek  bottom.  Doubtless  the  bed  of 
phosphate  extends  under  nearly  the  whole  of  the  county  ;  but  it  can 
only  be  mined  from  the  outcrop.     Some  analyses  follow : 

Thickness.  Bone  Phosphate. 
Feet.    Inches.  Per  cent. 

Mayfield's  Place, 3  71.92 

Mayfield's  Place, 3  70.0(5 

Weatherly's  Place 3  68.00 

Napier  Iron  Co. 's  Land,        ....     1  8  40.09 

Perry  County. —  High  up  in  the  hills,  six  or  eight  miles  back  from 
the  Tennessee  river,  an  outcrop  of  phosphate,  2  feet  thick,  may  be  seen 
at  the  headwaters  of  Cedar,  Marsh  or  Crooked  creeks,  or  in  fact,  almost 
any  of  the  little  streams  flowing  into  the  river.  Analyses  do  not  show, 
as  a  rule,  more  than  50  per  cent,  of  bone-phosphate  in  the  samples 
from  this  section.  The  same  stratum  may  be  seen  outcropping  with 
about  the  same  thickness  and  richness  in  the  Buffalo  river-bottom, 
in  the  eastern  part  of  the  county. 

Wayne  County. — Along  Buffalo  river,  as  in  Perry  county,  there  is 
an  outcrop  of  about  2  feet  of  phosphate-rock  which  does  not  run 
above  50  per  cent,  in  bone-phosphate. 

Lawrence  County. — The  entire  county  lies  too  high  for  outcrops 
of  phosphate,  except  in  the  extreme  southeastern  corner,  where,  near 
the  Giles  county  line,  we  have  observed  a  one-foot  stratum  of  50  per 
cent,  phosphate. 

Giles  County. — Along  the  western  part  of  Giles  county,  at  the 
proper  geological  horizon,  may  be  found  outcropping  a  one-foot 
stratum  of  phosphate.  Analyses  gave  :  (No.  1)  49.4  per  cent,  and 
(No.  2)  51.42  per  cent,  of  bone-phosphate. 

Sample  No.  2  was  taken  from  a  locality  about  ten  miles  north  of 
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No.  1,  on  Gimlet  creek.  No  explorations  of  importance  have  been 
made  in  the  eastern  part  of  Giles  county  ;  but  certainly  not  more  than 
one  foot  of  phosphate  is  to  be  expected  there. 

Maury  County. — The  phosphate-rock  in  the  western  part  of 
Maury  county  is  apparently  the  same  stratum  as  outcrops  in  Swan 
creek  bottom,  on  the  other  side  of  the  ridge.  The  thickness  of  the 
phosphatic  material  here  is  3  feet,  with  a  layer  of  nodules  above  the 
black  slate  about  10  inches  thick.  This  region  has  not  yet  been 
thoroughly  explored,  but  some  analyses  have  been  made  which  show 
as  much  as  65  percent,  of  bone-phosphate.  As  in  other  localities, 
however,  some  of  it  is  sandy,  yielding  not  more  than  30  per  cent. 
This  locality  seems  to  be  worth  exploring,  as  it  is  just  across  the 
ridge  from  Swan  creek,  and  should  be  expected  to  contain  valuable 
phosphate  in  some  places.     Analyses  show  : 

Thickness.  Bone 

Feet.  Phosphate. 

On  Hughes's  place, 3  65.94 

3  60.28 

3  30.73 

3  31.30 

2|  20.40 

Cheatham  County. — The  phosphate-outcrops  here  are  very  poor  in 
quality  and  not  more  than  eighteen  inches  thick.  Analysis  from 
samples  on  Landreth's  place  show  (No.  1)  7.51  and  (No.  2)  7.54  per 
cent,  of  bone-phosphate. 

Williamson  County. — The  western  part  of  this  county  contains 
much  good  phosphate.  At  Fernvale  Springs  it  is  three  feet  thick, 
and  analyses  show  it  to  be  nearly  as  good  as  the  average  in  Swan 
creek  bottom.  Between  Fernvale  and  the  mouth  of  Swan  creek 
much  good  phosphate  should  be  expected  ;  but  that  region  has  not 
been  very  thoroughly  explored.     Analyses  show  : 

Bone  Phosphate 
Per  cent. 

Sandy  specimen, 53.14 

Blue  "  64.40 

Analysis  of  Nodules.  Per  cent. 

Average  No.  1, 66.05 

"       No.  2, 64.36 

Some  samples  run  above  70  per  cent,  of  bone-phosphate. 
Other  Counties. — The  counties  east  of  the  Louisville  and  Nash- 
ville R.  R.  that  would  be  expected  to  show  phosphate-outcrops  have 
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not  all  been  explored  ;  but  where  investigations  have  been  made,  not 
more  than  6  or  8  inches  of  phosphate  has  been  found.  The  stratum 
is  remarkably  persistent,  however,  and  has  been  observed  even  in 
the  region  around  Chattanooga. 

In  Davidson  county,  out  on  Paradise  ridge,  we  seem  to  have  the 
northern  limit  of  phosphate-outcrops.  Here  the  phosphate-bed  is 
only  6  inches  thick  and  very  sandy.  One  analysis  gave  30.15  per 
cent,  of  bone-phosphate.  The  sample  came  from  Baker's  station  ; 
but  about  the  same  formation  has  been  observed  on  White's  Creek. 

It  appears  from  the  foregoing,  that  the  only  region  likely  to  be  of 
importance  is  comprised  within  the  counties  of  Williamson,  Hick- 
man, Maury,  Lewis  and  Perry,  the  richest  deposits  being  in  Hickman. 
It  apparently  fades  out  gradually  in  thickness  and  richness  from  an 
axis  running  NE.  and  SW.  through  Williamson,  Hickman  and 
Perry  counties. 

In  Swan  creek  bottom,  and  also  near  Fernvale  springs,  a  second 
layer  of  phosphate  2  feet  thick  has  been  discovered  about  40  or  50 
feet  below  the  black  shale,  lying  between  two  strata  of  limestone. 
So  far,  this  second  layer  has  not  been  found  of  sufficient  thickness 
to  be  of  importance,  but  it  has  not  yet  been  studied  much.  It  gave 
37  per  cent,  of  bone-phosphate  as  a  mean  of  two  analyses. 

III. — Geological. 

The  geology  of  Middle  Tennessee  is  of  a  simple  nature,  and  has 
been  investigated  and  worked  over  very  thoroughly.  The  rocks 
are  all  of  sedimentary  origin,  and  offer  no  field  for  the  perplexing 
speculation  sometimes  indulged  concerning  the  classification,  origin, 
etc.,  of  the  crystalline  and  metamorphic  rocks. 

The  lowest  rocks  of  the  Nashville  Basin  and  of  Middle  Tennes- 
see belong  to  the  Trenton  series  of  the  Lower  Silurian,  and  above 
them,  in  various  parts  of  the  phosphate-field,  occur  sometimes  the 
Niagara  and  Lower  Helderberg  series  of  the  Upper  Silurian.  As 
a  general  statement,  we  may  say  that  the  Trenton  rocks  underlie  the 
phosphate  in  the  western  part  of  the  region,  which  is  nearer  the 
Tennessee  river,  while  towards  the  east  they  give  place  to  the  Niag- 
ara rocks.  The  lower  Helderberg  limestone  occurs  under  the  phos- 
phate stratum  at  Linden,  in  Perry  county.  The  rocks  which  under- 
lie the  phosphate-group  are  always  limestone,  of  one  or  the  other 
series  mentioned  above. 

The  phosphate-bearing  stratum  itself  forms  a  part  of  the  thin 
representative  of  the  Devonian  system  in  this  section.     The  black 
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shale,  locally  called  "  black  slate,"  which  overlies  the  phosphate, 
generally  completes  the  Devonian  as  it  appears  here;  but  in  the 
counties  near  the  Tennessee  river  we  have  seen,  underlying  the  phos- 
phate, a  stratum  of  sandstone  3  or  4  feet  thick,  which  also  doubt- 
less belongs  to  the  Devonian. 

Just  above  the  black  shale  begins  the  Sub-carboniferous  series, 
which  presents,  first,  a  stratum  of  blue  shale,  sometimes  as  much  as 
200  feet  thick,  and  contains  the  stratum  of"  nodules;"  then  follows 
a  stratum  of  chert,  sometimes  broken  by  a  layer  of  cherty  limestone, 
known  as  "  burr-stone."  The  tops  of  the  hills  are  usually  capped 
with  rotten  and  broken-up  chert.  The  thickness  of  rock  above  the 
black  slate  depends  of  course  upon  the  height  of  the  hills  and  on 
the  elevation  which  this  shale  occupies  in  them. 

An  account  of  the  Devonian  shale  and  a  "  bituminous  sandstone" 
which  underlies  it,  written  by  Dr.  Safford,  some  thirty-five  years  ago, 
is  very  interesting,  and  shows  how  early  the  existence  of  both  the 
nodules  and  the  phosphate-stratum  proper  (which  was  thought  to  be 
a  bituminous  sandstone)  was  known. 

"  West  of  the  Cumberland  table-land  in  most  of  the  counties  the  formation  does 
not  consist  alone  of  the  characteristic  black  shale.  The  latter  has  at  its  top  a  thin 
layer  of  argillaceous,  very  fetid,  concretionary  bodies,  which  I  have  sometimes 
called  '  kidneys,' a  name  which  has  already  been  used  with  reference  to  them. 
These  bodies  are  round,  oval,  kidney-shaped,  and  usually  more  or  less  flattened. 
They  vary  in  size  from  that  of  a  peach-stone  to  thick,  cake-like  masses  two  feet 
across,  and  occur  packed,  often  closely,  with  blue  sbale,  in  a  layer  from  2  to  12 
inches  thick.     The  kidneys  vary  in  size  with  the  thickness  of  the  layer. 

"In  addition  to  the  'kidneys'  at  its  top,  the  shale  has,  immediately  below  it, 
very  generally  a  dark  gray,  bituminous,  fetid  sandstone,  usually  fine  grained  and 
from  a  few  inches  to  15  feet  in  thickness.  In  Wayne,  Hardin,  and  in  the  southern 
part  of  Lewis,  this  sandstone  is  often  thick  enough  to  be  quite  conspicuous,  forming 
ledges  along  the  slopes  of  the  hills  and  sometimes  small  local  plateaus. 

"  North  and  east  of  Wayne  and  Lewis  the  sandstone  below  the  black  shales  is 
not  so  thick  ;  in  fact,  it  very  often  measures  but  the  fraction  of  a  foot." 

This  supposed  sandstone  is  what  has  turned  out  to  be  our  Tennessee 
phosphate.  In  many  localities  it  is  in  reality  a  true  sandstone,  in 
which  the  cementing  material  is  mostly  calcium  phosphate.  But 
where  the  sand  disappears  wholly,  or  in  great  part,  we  have  calcium 
phosphate  to  the  amount  of  from  40  to  75  per  cent. 

The  thickness  of  both  the  phosphate-stratum  and  the  black  shale 
varies  considerably  within  the  limits  which  have  been  designated  as 
the  phosphate-field.  The  thickest  phosphate-rock  that  has  yet  been 
observed   is   near  Centreville  in  Hickman  county,  where  it  attains 
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a  thickness  of  54  inches.  In  the  Swan  creek  valley  the  stratum 
varies  from  3  to  2  feet  through  Lewis  and  into  Hickman  county. 
At  Fernvale  springs,  Williamson  county,  there  is  a  depth  of  3  feet; 
in  Giles  and  Lawrence  it  is  1  foot  thick  ;  in  Perry,  2  feet;  in 
Maury,  3  feet;  and  in  Cheatham,  1  foot  6  inches.  Near  Centre- 
ville  it  has  been  reported  that  below  the  phosphate-stratum  proper 
there  exists  another  stratum  in  the  limestone,  which  is  2  feet  thick. 
Analyses  of  this  rock  give  about  36  per  cent,  of  calcium  phosphate. 
This  occurrence  is  very  puzzling,  since  it  is  wholly  disconnected 
with  that  above,  and  belongs  to  a  different  formation. 

Physical  Characteristics  of  the  Phosphate-Rock. — About  the  nodules 
there  is  not  much  to  be  said.  The  smaller  ones  approximate  to 
spherical  shape,  some  of  them  being  about  the  size  of  a  marble  and 
almost  perfectly  spherical.  The  largest,  however,  are  spread  out  or 
flattened  laterally,  and  rounded  only  on  the  edges — a  shape  which 
calls  to  mind  pressure  in  a  vertical  direction,  which,  during  the 
formation  of  the  nodule,  limited  its  growth.  The  interior  of  a  nodule 
freshly  broken  presents  a  fine-grained  structure,  and  a  black  or  dull 
brown  color,  while  the  broken  edges  are  clean  and  sharp.  They 
weather  to  a  color  much  lighter  than  the  natural,  and  when  subjected 
long  to  the  action  of  the  weather,  as  those  which  one  would  pick  up 
at  the  outcrop  or  in  an  old  field,  the  fractured  surface  shows  a  banded 
appearance,  the  lightest  bands  being  near  the  surface  and  parallel  to 
it.  We  have  never  noticed  any  fossil  remains  in  any  of  the  balls, 
or  any  nucleus  about  which  concretion  may  have  taken  place ;  but 
it  is  difficult  to  account  for  their  origin  as  other  than  concretionary 
bodies.  No  pyrites  has  been  seen  in  a  nodule  ;  but  some  of  them, 
on  being  struck  with  a  hammer,  separate  easily  along  certain  planes 
which  show  the  rusty  dye  of  iron  oxide. 

The  greatest  thickness  of  nodule-stratum  we  have  yet  seen  was 
not  over  one  foot ;  yet  we  have  reason  to  believe  that  in  some  locali- 
ties the  stratum  is  several  feet  thick.  As  an  exception  to  the  general 
rule,  two  strata  of  nodules  may  occur,  one  above  the  black  shale,  the 
other  below  the  solid  phosphate-rock.  An  example  of  this  may  be 
seen  on  Indian  creek,  Hickman  county.  As  already  remarked,  this 
is  exceptional  and  strictly  local ;  and  about  this,  as  also  about  the 
second  or  lower  stratum  of  phosphate-rock  which  occurs  at  Centre- 
ville,  we  can  only  say  in  explanation,  that  they  are  mere  fore-runners 
of  what  occurred  to  a  much  greater  extent  in  a  later  age. 

The  stone  of  the  solid  stratum  varies  somewhat  in  appearance  and 
constitution.     As  a  rule,  however,  we  may  say  that  it  is  of  a  dark 
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color,  sometimes  quite  black,  dark  gray,  brown  and  dark  green  ;  the 
green  being  caused  by  the  copperas  resulting  from  decomposing 
pyrites.  It  is  granular  and  tough,  although  easily  bruised,  and  of 
a  specific  gravity  of  2.80  to  2.85,  which  gives  a  weight  per  cubic  foot 
of  about  175  pounds. 

The  texture  of  some  of  the  stone  has  the  appearance  of  oolitic 
limestone,  being  largely  composed  of  very  small  rounded  grains, 
among  which  often  occurs  a  tiny  spiral  shell,  smooth  and  consisting 
of  two  turns.  This  shell  can  be  perceived  with  the  naked  eye,  and 
conveniently  studied  with  the  aid  of  the  pocket-microscope,  when  it 
closely  resembles  the  Spirorbis  amphilodes  (Dana)  characteristic  of 
the  Devonian.  The  whole  of  the  animal,  shell  included,  has  been 
replaced  by  the  black  rock-material,  having  left  simply  its  form 
behind.  To  explain  the  little  grain-like  bodies  is  hardly  possible 
on  any  hypothesis  as  to  organic  origin  ;  since,  if  an  organic  structure 
was  ever  present,  it  has  been  lost  in  the  replacement  which  has  since 
taken  place.  It  has  been  observed  that  the  interior  of  one  of  these 
little  bodies  appears  very  strongly  to  be  made  up  of  concentric  rings, 
which  would  lead  to  the  conclusion  that  they  are  of  concretionary 
origin. 

Another  shell  which  also  occurs  is  undoubtedly  a  species  of  Lin- 
gula.  It  is  very  small,  and  approximately  elliptical,  yet  more  acute 
at  the  junction  of  the  valves.  The  marking  on  the  outside  of  the 
she'l  is  in  curves  running  parallel  to  the  contour,  such  curves  as 
would  be  cut  on  the  surface  of  the  shell  by  planes  parallel  to  that 
which  separates  the  valves.  Guided  only  by  the  size,  and  to  some 
extent  by  the  form,  we  believe  the  shell  to  be  the  Lingula  spatvlata 
(Hall);  it  is  not  quite  so  sharp  at  the  apex  as  that  shell,  however, 
but  resembles  more  in  form  the  Lingula  ligea  (Hall).  But  the  latter 
is  much  too  large  to  be  the  same  as  ours.  They  occur  in  great 
abundance  in  some  specimens,  the  little  shells  shining  probably  as 
bright  and  as  perfect  as  when  their  owners  were  alive.  In  all  samples 
observed  which  contain  this  shell,  there  is  a  large  amount  of  sand, 
and  the  small  percentage  of  calcium  phosphate  doubtless  comes 
largely  from  the  LinguLx  themselves,  as  they  are  among  the  few 
shell-fish  whose  shells  are  phosphatic. 

"When  not  much  siliceous  matter  is  present,  the  phosphate-rock 
weathers  to  a  rotten  stone  of  brown  color,  the  weathered  portion 
being  thin.  When  siliceous  matter  is  present,  the  weathered  por- 
tion lias  all  the  appearance  and  characteristics  of  friable  sandstone. 
The  appearance  of  the  weathered  stone  is  one  clue  to  its  richness ; 
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but  after  one  has  become  familiar  with  the  different  grades  it  is  an 
easy  matter  to  distinguish  what  is  valuable  with  a  considerable  de- 
gree of  certainty. 

Origin. — The  origin  of  this  stratum  of  phosphate-rock  is,  of 
course,  merely  a  matter  of  surmise,  starting  from  the  fact  that  it  was 
formed  as  a  sedimentary  deposit  in  Devonian  times,  and  therefore 
from  Devonian  seas.  This  age  embraces  that  geological  time  in 
which  plants  first  made  their  appearance  to  any  considerable  extent; 
and  it  is  to  the  presence  of  the  organic  matter  contained  in  this 
plant-life  that  the  black  color  of  the  phosphate-rock  and  the  "  black 
slate"  is  due.  In  the  "  black  slate"  the  fossil  remains  of  plants  of 
the  Lycopodium  family  can  be  seen;  but  strangely  enough,  as  it 
seems,  none  have  been  discovered  in  the  phosphate.  The  Devonian 
age,  however,  was  pre-eminently  the  age  of  fishes;  and  we  may  say 
that  the  world's  supply  of  phosphoric  acid  was,  to  a  large  extent, 
possessed  by  the  denizens  of  the  sea.  The  sediment  from  such  water 
must  have  been  pregnant  with  the  remains  of  thousands  of  species 
of  sea-animals.  The  region  of  middle  Tennessee  probably  afforded 
a  place  where  sediment  was  particularly  subject  to  be  carried  by  the 
ocean-currents  or  waves,  or  was  perhaps  washed  ashore  by  the  warm 
currents  of  an  ancient  Gulf  Stream,  and  thereby  invited  the  pres- 
ence of  swarms  of  sea-life,  successive  generations  of  which  left  their 
remains  in  the  mud  of  the  bottom.  It  is  proper  to  speak  here  of 
the  pyrites  which  occurs  in  almost  all  of  the  phosphate  of  this  kind, 
and  in  some  samples  very  abundantly.  The  "black  slate"  also 
contains  it.  In  both  instances  its  origin  was  evidently  a  precipita- 
tion, from  solution,  by  the  hydrogen  sulphide  evolved  from  the  de- 
caying mass  of  mud  which  originally  constituted  our  phosphate-bed. 

IY. — Industrial  and  Economical. 

In  mining  the  phosphate-beds,  the  methods  of  coal-mining  by 
tunnels  will  doubtless  be  followed.  Since  the  black  shale  above  the 
phosphate-stratum  can  be  taken  out  much  more  easily  and  cheaply 
than  the  limestone  below  it,  the  shale  will  be  taken  out  for  head- 
room, arched  overhead,  and  the  phosphate  will  be  stripped  up  from 
the  floor  formed  by  the  limestone  stratum  below.  This  removal  of 
dead  material  we  deem  to  be  unavoidable  when  the  phosphate  layer 
is  less  than  3  feet  thick,  since  at  least  3  feet  will  be  required  for 
working-space.  Coal  and  some  iron-ore  has  been  worked  with  only 
18  inches  removal,  but  the  ease  of  working  in  these  cases  is  very 
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different  from  what  will  be  found  true  of  phosphate-mining  when  it 
is  begun  in  this  section. 

The  power  to  be  used  in  mining  operations  will  doubtless  be  de- 
rived from  steam  ;  and  if  extensive  tracts  are  mined  by  single  com- 
panies, the  transmission  of  power  by  electricity  from  a  central  station 
will  be  found  convenient  and  economical.  So  far  as  we  know,  there 
is  no  promising  site  for  obtaining  water-power  in  proximity  to  the 
richest  deposits.  The  streams  large  enough  to  furnish  sufficient 
water  have  no  places  of  natural  fall  in  the  locality  ;  and  the  expen- 
sive creation  of  artificial  fall  by  dams  would  scarcely  be  war- 
ranted, in  view  of  the  unstable  nature  of  the  industry  in  a  given 
locality. 

The  wide  difference  in  the  manner  of  occurrence  of  the  deposits 
of  Florida  and  South  Carolina,  as  compared  with  those  of  Tennes- 
see, will  involve  a  corresponding  difference  in  the  methods  of  indus- 
trial development.  The  advantages  and  disadvantages  in  the  two 
cases  are  perhaps  about  evenly  balanced.  The  Florida  and  South 
Carolina  deposits  are  beneath  alluvium,  and  therefore  tunnelling  is 
out  of  the  question;  yet,  when  the  overlying  formation  is  thin,  the 
stripping  process  is  as  cheap  as  it  would  be  to  tunnel  in  hard  rock. 
This  last  remark  is  almost  universally  true  of  the  "land-pebble"  of 
South  Carolina,  the  deposits  of  which  have  the  excellent  feature  of 
uniformity  both  in  thickness  and  depth  below  the  surface.  The 
Florida  rock  crops  out  on  the  surface,  often  in  great  thickness,  but 
the  dip  generally  carries  it  down  rapidly;  so  that,  on  account  of  the 
excessive  overburden,  such  mines  yield  enormously  at  first  and  less 
afterwards.  The  advantages  possessed  by  the  Tennessee  layers  are 
their  horizontal  position,  their  uniformity  in  thickness  and  quality, 
and  the  cleanness  of  the  product  that  will  come  directly  from  the 
mines,  rendering  unnecessary  the  costly  washing-  and  screening- 
processes  which  the  product  of  our  neighbors  must  undergo. 

In  the  thesis  from  which  this  paper  is  condensed,  we  have  ventured 
some  estimates  of  the  cost  of  mining  the  Tennessee  rocks.  Being 
hypothetical  in  character,  as  they  must  needs  be  in  the  absence  of 
any  actual  experience  yet  obtained,  they  are  omitted  here  as  less  ap- 
propriate to  the  Transactions  of  the  Institute  than  will  be  the  records 
of  practice  when  these  shall  have  become  available.  It  may,  how- 
ever, be  remarked  that  upon  certain  assumptions,  believed  to  be  safe, 
we  have  estimated  the  cost  of  mining  at  $3  per  cubic  yard  as  a  lib- 
eral figure,  which  would  make  the  cost  of  phosphate-rock  mined 
from  a  3-foot  stratum  $1.50  per  ton.     Assuming  the  low  stlling- 
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price  of  $3  per  ton  at  the  mine,  our  figures  give  a  profit  for  all 
thicknesses  of  good  phosphate-rock  above  1  foot  6  inches,  which 
may  be  roughly  set  as  the  limit  of  profit,  since  at  or  a  little  below 
that  point  the  cost  of  excavating  head-room  in  the  barren  rock  will 
consume  the  gain  from  the  phosphate.  But  these  estimates  are  very 
general  in  character,  and  would  be  greatly  modified  by  local  condi- 
tions, as  well  as  by  market-changes.  We  think,  however,  that  we 
have  taken  the  costs  high  and  the  profits  low. 

As  to  the  price  of  $3  per  ton  at  the  mines,  we  have  adopted  that 
figure,  although  the  present  price  in  Tennessee  is  $8  per  ton,  because 
we  believe  that  the  result  of  industrial  development  on  a  large  scale 
would  be  to  reduce  the  market-price,  as  it  has  done  in  South  Caro- 
lina and  Florida. 
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BY  JOHN  FRITZ,   BETHLEHEM,    PA. 

(Presidential  Address  at  the  Bridgeport  Meeting,  October,  1S94.) 

Gentlemen  of  the  American  Institute  of  Mining  Engineers  : 

I  desire  to  thank  you  sincerely  for  the  distinguished  honor  you 
have  conferred  upon  me  by  electing  me  to  the  presidency  of  this 
society,  a  position  which  in  the  past  has  been  filled  by  some  of  our 
most  distinguished  and  ablest  members,  men  eminently  qualified  by 
education,  practical  training  and  a  business  ability  which  has  en- 
abled them  not  only  to  fill  the  position  with  credit  to  themselves, 
but  as  well  with  honor  to  the  society. 

In  deference  to  a  custom  long  established,  by  which  the  president- 
elect is  expected  to  read  a  paper  on  some  subject  with  which  he  is 
more  or  less  familiar,  I. have  thought  that  a  brief  review  of  the 
methods  employed  in  the  manufacture  of  iron,  as  witnessed  by  my- 
self, and  reaching  back  to  1838,  would  interest  some  of  our  older 
members  and  give  our  younger  ones  a  glimpse  into  the  trials  and 
difficulties  encountered  in  those  early  days  by  the  pioneers  in  this 
great  industry. 

In  1840,  12  to  20  tons  of  pig-iron  was  the  make  of  a  furnace  per 
week — at  this  time  from  1200  to  2000  gross  tons. 

In  1810,  3  to  4  tons  No.  4  wire  rods  per  turn.  They  have  lately 
made  176  gross  tons  in  11  hours. 

In  1840  I  have  not  the  quantity  of  puddled  iron  made ;  but  it  was 
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small,  as  puddling  was  in  its  infancy.  In  1890,  there  was  made 
2,518,174  gross  tons. 

The  earliest  rolling-mill  statistics  are  in  1856,  in  which  we  pro- 
duced a  total  of  49S,080  gross  tons  of  all  kinds  of  rolled  iron. 

In  1840,  we  produced  of  pig-iron  286,903  gross  tons;  in  1890, 
9,202,703  gross  tons,  which  is  more  than  has  been  produced  by  any 
other  nation. 

The  incidents  of  which  I  shall  make  mention  were  of  such  an 
everyday  practical  character  that  they  never  have  found  their  way 
into  print. 

My  first  practical  experience  in  iron-making  was  in  1838,  while  a 
cub  apprentice  in  a  country  machine-  and  blacksmith-shop,  when  I 
was  sent  out  to  a  charcoal-furnace  to  do  some  repair  work.  The 
furnace  was  blown  by  water-power,  the  motor  being  an  under-shot 
wheel  having  a  wooden  shaft,  in  the  ends  of  which  were  secured 
cast-iron  winged  gudgeons,  one  of  which  had  a  crank  cast  on  it,  in 
which  the  crank-pin  was  inserted  that  drove  the  connecting-rod  and 
piston  in  the  wooden  blowing-tubs,  as  they  were  called.  The  dimen- 
sions of  the  furnace  are  unknown,  but  it  made  about  12  tons  of  iron 
per  week  when  it  worked  well ;  and  when  it  did  not  work  well,  which 
was  often  the  case,  it  made  none.  The  particular  job  I  was  sent  to  do 
was  to  put  in  a  new  blast-pipe  connecting  the  main  blast-pipe  with 
the  tuyere  of  the  furnace;  and  when  I  got  it  up  in  place,  to  my  cha- 
grin, I  found  it  did  not  reach  the  opening  in  the  stack  by  about  10 
inches,  the  conclusion  being  that  some  one  had  made  a  big  blunder, 
something  that  happened  sometimes,  even  in  those  days;  and  the  sup- 
position was  that  it  must  have  been  the  man  who  made  the  pipe,  as 
the  workmen  in  those  days  took  their  own  measurements,  and  in 
case  of  a  mistake  they  generally  got  what  we  called  a  "  blowing  up," 
and  if  the  error  was  made  by  a  cub,  he  got  an  especially  rough  one. 
While  I  was  thinking  the  matter  over,  and  wondering  if  I  had 
better  take  the  pipe  back  to  the  shop  several  miles  away,  or  move 
the  furnace  up  to  meet  it,  the  man  who  ran  the  furnace,  or  founder, 
as  he  was  called,  came  along,  and  his  appearance  just  at  this  juncture 
was  not  a  pleasant  one  for  me,  as  I  expected  that  when  he  saw  that 
the  pipe  did  not  reach  the  tuyere  he  would  give  me  a  blast,  and  a  hot 
one  as  well.  To  my  surprise,  he  looked  at  it  for  a  moment,  and 
said  it  was  just  right.  But  while  this  let  me  out,  I  could  not  but 
think  it  ought  to  have  reached  to  the  tuyere.  I  afterwards  learned 
that  the  connection  was  made  with  a  leather  pipe  called  a  boot.  I 
still  thought  they  ought  to  go  into  the  tuyere. 
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In  the  neighborhood  where  I  spent  ray  younger  days  there  were 
several  mills  for  rolling  boiler-plate,  and  as  a  boy  I  spent  ranch 
time  in  watching  what  at  that  time  was  an  interesting  sight  to  me. 
While  there  were  several  mills  there,  the  one  I  propose  to  speak  of 
was  the  oldest,  and,  as  it  is  claimed,  the  first  mill  in  the  United 
States  to  roll  plates  to  make  boilers,  it  then  having  the  reputation  of 
making  very  superior  plates,  and,  I  am  glad  to  say,  it  still  sustains 
its  early  acquired  fame.  As  a  history  of  this  mill  reaches  back  more 
than  fifty  years  from  the  time  I  first  knew  it,  my  knowledge  of  its 
beginning  was  obtained  from  the  old  people  who  lived  in  the  neigh- 
borhood and  from  some  of  the  old  workmen  who  had  been  employed 
in  it,  and  I  hope  what  they  told  me  will  interest  you,  as  it  did  me  to 
hear  it. 

In  1790,  Isaac  Pennock,  the  great-grandfather  of  the  present  pro- 
prietors of  the  Lukens  Iron  and  Steel  Company,  began  the  manu- 
facture of  iron  at  a  place  on  Buck  Run,  Chester  county,  Pa.,  called 
Rokeby,  about  four  miles  south  of  Coatesville.  Isaac  Pennock  was 
raised  as  a  farmer  in  the  neighborhood,  and  his  parents  strongly 
objected  to  his  going  into  a  business  about  which  he  knew  nothing, 
as  they  felt  he  would  squander  his  money.  The  mill  he  first  built 
was  called  the  Federal  Slitting  Mill.  In  1810,  he  bought  a  saw- 
mill property  on  the  Brandywine,  near  Coatesville,  which  he  con- 
verted into  an  iron-mill.  This  mill,  which  at  the  time  was  called 
the  Brandywine,  has  since  developed  into  the  immense  plant  it 
now  is. 

In  1816,  Dr.  Charles  Lukens,  a  son-in-law  of  Isaac  Pennock,  came 
into  possession  of  the  property,  and  carried  on  the  business  of  iron- 
making  until  his  death,  which  occurred  in  1825;  and  it  is  claimed 
that  it  was  between  these  datts  that  the  first  boiler-plates  were  made 
in  this  country  and  in  this  mill.  At  the  death  of  Dr.  Lukens,  his 
widow,  in  accordance  with  his  special  request,  continued  to  carry  on 
the  business,  although  handicapped  by  the  fact  that  there  were  no 
railroads  in  those  days  and  the  finished  iron  had  to  be  teamed  to 
Philadelphia,  a  distance  of  36  miles,  or  to  Wilmington,  Del.,  26 
miles,  while  the  coal  used  was  hauled  from  Columbia,  about  35  miles 
away;  yet,  in  spite  of  these  difficulties,  she  carried  on  the  iron- 
making  business,  hiring  a  superintendent  to  look  after  the  works 
and  the  workmen,  while  she  herself  managed  the  business  of  the 
office.  Mrs.  Lukens  was  considered  an  extraordinary  business 
woman.  She  built  up  a  business  which  has  beeu  continuously 
successful  up  to  the  present  and  which  has  remained  in  the  same 
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family  for  four  generations,  and  it  was  in  honor  of  her  extraordinary 
abilities  that  the  name  of  the  works  was  changed  from  Brandywine 
to  Lukens. 

Originally  the  sheets  were  made  from  a  single  charcoal-bloom,  the 
bloom  having  been  made  in  the  old-fashioned  forge-fire,  then  re- 
heated over  an  ordinary  grate-fire  and  rolled  into  plates  or  sheets, 
which  sheets  were  shipped  without  being  sheared,  the  shearings  in 
those  days  being  cut  into  nails.  But  afterwards  they  put  up  a 
reverberatory  heating-furnace,  in  which  they  worked  up  the  scrap 
themselves.  The  plate-rolls,  as  near  as  can  now  be  ascertained,  were 
about  16  to  18  inches  in  diameter  and  from  3  to  4  feet  long  in  the 
body,  and  were  driven  by  an  undershot  water-wheel.  It  is  said  that 
many  a  time,  when  it  looked  as  if  the  mill  would  stall,  the  workmen 
would  rush  for  the  water-wheel,  climb  upon  its  rim  and  by  their 
united  weight  help  the  pass  through  the  rolls,  thus  preventing  a 
stall,  which  meant  fire-cracked  rolls  and,  later  on,  broken  ones. 
This  water-wheel  was  afterwards  supplemented  by  a  breast-wheel  so 
geared  as  to  give  more  power  to  the  rolls.  This  enabled  them  to 
use  larger  rolls,  but  the  gearing  gave  so  much  trouble  that  they 
finally  abandoned  the  use  of  the  water-wheel  and  put  in  a  steam- 
engine  and  enlarged  their  rolls  to  21  inches  in  diameter  and  66  in- 
ches between  the  journals.  This  was  again  changed  to  chilled- 
rolls,  25  inches  in  diameter  and  84  inches  long.  After  several  other 
changes,  they  at  last  put  in  three-high  chilled-rolls,  34  inches  in 
diameter  by  120  inches  long,  a  large  Corliss  engine  to  drive  them, 
automatic  lifting-tables,  etc. 

The  weight  and  size  of  the  early  boiler-plates,  as  made  on  the 
oldest  mill,  I  have  been  unable  to  get,  but  it  is  not  supposed  that 
they  attempted  anything  weighing  over  500  pounds,  and  probably 
300  pounds  was  nearer  their  limit.  As  an  illustration  of  the 
changes  that  have  taken  place  in  this  one  mill  I  would  say  that,  as 
now  enlarged,  they  readily  roll  plates  119  inches  wide  and  50  to  60 
feet  long.  The  little  old  mill  in  which  the  workmen  had  to 
climb  on  the  wheel  to  help  make  it  go  round  is  one  of  the  best 
plate-mills  in  the  country,  and  its  owners  and  managers  are  the 
great-grandchildren  of  Isaac  Pennock,  who,  in  1790,  built  the 
Federal  slitting-mill  on  Buck  Run  and,  in  1810,  on  the  banks  of 
the  Brandywine,  what  was  called  the  Brandywine  mill. 

In  the  year  1845  I  went  to  Norristown,  Pa.,  and  assisted  in  the 
building  of  what,  at  that  time,  was  considered  the  best  mill  for 
making  bar-iron  in  this  country;  in  fact,  it  was  called  a  model  mill, 
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and  in  many  respects  it  was  so.  While  it  was  a  geared  mill,  it  was 
so  much  better  built  than  any  other  mill  of  the  kind  that  it  was 
expected  that  it  would  give  little  or  no  trouble  on  that  score.  But 
we  were  sadly  disappointed  ;  for,  soon  after  starting,  the  gears  began 
to  give  way,  the  back-lash  and  the  jar  of  the  rolls  causing  the  teeth 
to  break  and  drop  out. 

I  was  given  charge  of  the  machinery,  and,  of  course,  had  to  look 
after  the  gear-wheels.  At  times  the  entire  wheels  would  seem  to  go 
to  pieces  at  once,  at  other  times  the  arms  would  crack,  and  theu 
again  the  teeth  would  break,  each  break,  of  course,  stopping  the  en- 
tire mill.  Then  all  hands  had  to  work  day  and  night  to  get  started 
again.  At  first  we  had  to  go  to  the  foundry  to  get  such  parts  as 
had  been  broken  made  over.  This,  of  course,  caused  considerable 
delay,  and  to  avoid  this  loss  of  time  we  began  to  keep  segments  of 
gearing  on  hand,  and  we  had  separate  wrought-iron  teeth  made 
ready  for  insertion  and  kept  clamps  ready  to  strengthen  broken 
arms.  With  such  extended  experience,  I  became  quite  an  expert 
in  inserting  teeth,  and  it  was  no  doubt  due  to  this  fact  that  on  the 
occasion  of  several  hundreds  of  mv  friends  coining  to  Bethlehem 
not  long  ago  I  was  arrested  at  the  banquet  and  tried  on  the  charge 
of  practicing  dentistry  without  first  having  procured  a  license  or 
diploma ! 

Soon  after  the  mill  started,  I  was  placed  in  charge  of  it  on  the 
night-turn,  including  the  puddling-furnaces  and  the  few  heating- 
furnaces  used  for  rolling  covers.  While  this  added  somewhat  to 
my  duties,  it  proved  of  great  advantage  to  me,  as  it  gave  me  an  op- 
portunity to  obtain  a  practical  knowledge  of  iron-making.  Later 
on,  I  was  given  charge  of  the  mill  on  the  day-turn,  which  practically 
meant  both  day  and  night,  as  it  was  during  the  day  that  everything 
had  to  be  arranged  for  the  night- work,  before  supper  could  be  eaten 
or  rest  obtained,  and  often  to  the  loss  of  both.  In  a  short 
time  I  received,  in  addition  to  my  other  duties,  that  of  having 
charge  of  the  roll-turning  and  of  seeing  that  the  iron  rolled  was 
properly  finished.  In  short,  I,  who  had  entered  the  mill  as  a  ma- 
chinist, was  now  in  charge  as  an  iron-master;  and  it  was  in  connection 
with  this  new  departure  that  my  troubles  began. 

In  those  early  days  the  chemistry  of  iron-making  was  unknown, 
at  least  in  this  country,  and  iron-makers  were  often  but  the  blind 
leading  the  blind.  At  the  present  time,  if  there  is  any  trouble  with 
the  product  of  an  iron-  or  steel-mill,  the  chemist  is  sent  for,  and  he 
is  expected  to  carefully  analyze  the  ore,  fuel,  flux,  cinder  and  even 
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the  furnace-linings,  and  find  and  eliminate  the  troublesome  element, 
whatever  it  be,  that  is  damaging  the  product.  But  in  the  early 
days  of  iron-making  we  had  no  such  help,  and  had  to  feel  our  way 
as  best  we  could. 

The  process  of  making  bar-iron  by  the  use  of  the  charcoal-forge 
had  become  too  expensive  for  iron  to  be  used  for  ordinary  purposes, 
and  the  art  of  making  bar-iron  by  the  puddling-process  was  the 
only  other  means  of  any  promise  to  which  we  could  turn  for  relief. 
Puddling  was  at  that  trme  done  by  what  was  called  the  fer- 
menting-process,  in  which  white  iron  only  could  be  used;  and  we 
soon  learned  that  only  a  few  brands  of  pig-iron  could  thus  be 
worked  into  merchantable  bar-iron,  as  by  reason  of  being  cold- 
short it  often  proved  worthless;  and  the  worst  of  this  was,  we  did  not 
know  what  caused  it.  As  the  works  were  built  to  make  high-grade 
bar-iron,  which  must  be  neutral,  we  were  in  a  great  quandary,  not 
knowing  which  way  to  turn;  but  as  the  only  way  out  was  to  keep  on 
experimenting,  we  did  so,  sometimes  finding  a  pig-metal  that  gave 
good  results.  Then  all  at  once  it  would  go  wrong  again,  and  why, 
we  could  not  tell,  but  it  was  always  in  order  to  lay  it  on  the  poor 
puddler  and  to  give  him  a  good  "  blowing  up." 

At  times  we  found  that  by  mixing  several  brands  of  charcoal-pig 
we  would  get  good  results,  but  as  the  price  of  bar-iron  was  low,  we 
could  not  afford  to  use  high-priced  pig,  and  so  we  began  to  experi- 
ment with  anthracite-iron — and  with  the  old-time  troubles,  or  even 
worse,  as  we  got  both  cold-  and  red-short  iron.  At  this  time  one  of 
the  blast-furnaces  which  had  been  making  charcoal-iron  began  to  use 
anthracite  coal  for  fuel.  In  our  distress  we  tried  some  of  their  pigs 
and  got  quite  good  results,  the  bars  not  being  cold-short,  but  quite 
inclined  to  red-shortness,  and  for  many  purposes,  such  as  shafting, 
car-axles,  heavy  bolts,  etc.,  proving  very  suitable.  But  for  the  use 
of  the  blacksmiths,  the  iron  was  quite  unfit.  They  then  knew  noth- 
ing about  working  red-short  iron,  and,  of  course,  they  condemned  it. 

We  have  now  learned  that  good  fibrous  iron  can  be  made  from 
anthracite  pig-metal,  but  for  the  highest  grades  of  bar-iron  we  were 
still  compelled  to  use  charcoal-pig,  and  in  the  old  way.  It  would 
occupy  too  much  of  your  time  to  relate  in  detail  the  long  series  of 
experiments,  often  ending  in  disaster,  we  went  through,  never  know- 
ing when  the  iron  would  be  good,  or  what  it  was  that  made  it  red, 
until  at  last,  by  accident,  we  stumbled  on  the  cause  of  the  trouble. 

We  noticed  that  when,  after  making  red-short  iron  for  a  time,  a 
change  was  made  to  neutral  iron,  the  iron  was  still  inclined  to  red- 
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shortness.  In  a  day  or  two  the  red-shortness  would  die  out,  and  we 
would  get  on  to  good  bar-iron ;  and  it  gradually  dawned  on  us  that  the 
trouble  might  come  from  the  cinder  that  was  left  in  the  furnace  when 
red-short  iron  was  being  made.  So  when  we  next  changed  over  from 
red-short  to  neutral  iron,  we  cleaned  all  the  cinder  out  of  the  fur- 
nace with  great  care,  and  refixed  it  with  neutral  cinder,  and  to  our 
great  joy  found  that  the  secret  of  our  troubles  had  been  discovered, 
and  that  we  could  now  make  neutral  or  red-short  iron  as  we  wanted 
to,  with  a  tolerable  degree  of  certainty. 

While  the  experiences  and  trouble  gone  through  were  both  per- 
plexing and  annoying,  they  proved  of  great  value  to  me  in  after- 
years,  and  especially  when  we  began  to  make  steel  by  the  Bessemer 
process;  for  I  had  early  learned  how  a  very  small  percentage  of  an 
objectionable  element,  either  in  the  ore,  the  metal,  or  the  fuel,  would 
greatly  damage  the  product.  In  addition  to  the  trouble  we  were 
having  in  making  the  iron,  we  were  constantly  breaking  gearing, 
spindles,  or  rolls  and  couplings.  In  order  to  reduce  the  cost  of  re- 
pairs as  much  as  possible,  we  tried  to  have  some  part  of  the  train 
made  strong  enough  to  do  the  work  when  everything  was  going 
right,  and  weak  enough  to  break  when  anything  was  going  wrong. 
This  was,  of  course,  a  cut-and-try  business;  sometimes  the  part  we 
intended  to  break  would  be  made  of  extra  strong  iron,  and  then  it 
would  fail  to  break  and  some  other  part  would  give  way ;  then  we 
would  reduce  the  pattern  and  make  it  lighter,  and  the  next  casting 
made  of  that  pattern  might  happen  to  be  weak  iron,  and  it  would 
break  too  easily,  and  then  we  would  have  to  strengthen  the  pattern 
again;  and  so  from  day  to  day  we  went  on,  with  one  break  after 
another,  varied  occasionally  by  the  giving  way  of  a  coupling-box, 
spindle  or  breaking-box.  The  latter  would  let  the  end  of  the  roll 
rise  up  in  the  housings,  and  if  the  roll  was  a  collared  one,  off  would 
go  the  collar,  and  the  roll  would  be  ruined.  Of  course,  the  break- 
ing of  teeth  in  the  gear-wheels  was  a  common  occurrence;  and  so 
much  trouble  came  from  this  source,  that  I  remember  that,  over 
forty-five  years  ago,  I  was  almost  inclined  to  register  a  vow  that  I 
would  never  again  have  anything  to  do  with  a  piece  of  machinery 
that  had  a  cog-wheel  in  it. 

In  the  year  1854,  David  Reeves,  together  with  a  few  of  his  friends, 
leased  a  works  for  making  iron  rails,  located  at  Johnstown,  Pa.  I 
was  sent  there  to  complete  the  mill  and  to  superintend  its  working. 
As  it  was  at  this  place  where  afterward  great  and  important  changes 
in  the  manufacture  of  rails  were  introduced,  I  have   thought  that  a 
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brief  history  of  the  works  would  be  of  some  interest  to  the  members 
of  the  society. 

The  works  were  originally  commenced  by  an  organization  called 
the  Cambria  Iron  Company,  but  after  the  mill  was  partially  built, 
their  money  gave  out,  and  the  project  was  considered  a  failure.  It 
was  at  this  time  that  David  Reeves,  Mathew  Newkirk,  George  Trot- 
ter, and  a  few  others,  joined  together  and  leased  the  plant  as  it  stood  ; 
Mr.  Reeves,  Mr.  Trotter  and  Mr.  Newkirk  being  the  most  promi- 
nent in  the  matter,  and  Mr.  Newkirk  acting  as  the  business  manager. 

Mr.  Newkirk  then  gave  me  instructions  to  go  to  work  at  once  and 
complete  the  mill  as  soon  as  possible.  Having  previously  examined 
the  works  with  great  care,  I  can  assure  you  that  it  was  with  serious 
misgivings  that  I  undertook  the  task.  There  was  a  vast  amount  of 
new  work  to  be  supplied,  and  I  had  very  serious  doubts  as  to  the 
efficiency  of  what  had  previously  been  done.  From  what  I  learned 
as  to  the  kind  of  pig-iron  that  was  to  be  used,  the  outlook  was  any- 
thing but  encouraging,  and  I  came  to  the  conclusion  that  there  was 
serious  trouble  in  store  for  me  when  the  mill  would  be  ready  to  start; 
and  I  can  now  testify  that  my  forebodings  were  fully  verified  later  on. 

When  we  at  last  got  to  work  and  rolled  a  few  rails,  the  edges  of 
their  flanges  looked  like  saw-teeth,  and  the  head  was  rough  and  full 
of  small  holes,  and  everybody  about  the  mill,  from  the  owners  to 
the  water-boy,  was  disgusted  and  sick.  This  was  especially  true  con- 
cerning the  heaters  and  the  men  about  the  rolls,  for  they  were  paid  by 
the  ton  of  finished  rails.  It  was  the  general  conclusion  that  some- 
thing would  have  to  be  done,  and  right  quickly,  too.  There  were 
three  charcoal  blast-furnaces  that  belonged  to  the  company,  one  of 
which  happened  to  be  in  blast  at  the  time,  so  we  got  some  charcoal- 
pig  and  puddled  it  and  rolled  it  into  covers  for  the  bottoms  of  the 
rails,  the  common  iron  being  above  them.  These  piles  were  rolled 
so  as  to  put  the  charcoal-iron  on  the  edges  of  the  flanges.  This  worked 
pretty  well  as  far  as  the  flanges  went,  but  it  did  not  cure  the  trouble 
with  the  heads ;  so  we  had  to  roll  other  covers  for  the  tops  of  the 
piles,  to  make  the  head  of  the  rail  good  ;  and  with  hot  and  cold  patch- 
ing, and  a  liberal  use  of  putty,  we  managed  to  get  some  rails  that 
passed  muster.  By  continually  experimenting  in  the  piling  of  the 
iron,  and  changing  mixtures,  we  finally  got  out  some  fairly  good 
rails;  but  the  engine  and  fly-wheel  driving  the  train  were  of  such  a 
construction  that  it  was  not  safe  to  run  it  over  fifty  revolutions  per 
minute,  which  was  too  slow  to  make  rails  out  of  the  materials  we 
were  using. 
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One  of  the  most  serious  troubles  was,  that  the  forward  end  of  the 
pile  would  split  open  in  the  rolls,  so  that,  when  we  came  to  enter  it  in 
the  next  pass,  it  refused  to  go  in,  and  much  time  was  lost  in  bunting  it 
in  with  the  buggy,  consequently  cooling  the  pile  to  such  an  extent 
that,  when  the  rolls  did  get  hold  of  it,  spindles,  coupling-boxes,  and 
sometimes  the  rolls  themselves,  would  break,  causing  both  expense 
and  delay,  which,  in  connection  with  the  general  depression  in 
business,  led  to  troubles  that  brought  the  enterprise  to  an  end. 

Again  a  new  company  was  formed,  and  it  was  known  as  Wood, 
Morrejl  &  Company.  It  was  in  part  made  up  by  David  Reeves, 
Charles  Wood,  Mathew  Newkirk,  George  Trotter,  D.  J.  Morrell, 
John  Shoenberger  and  E.  Y.  Towusend.  Air.  Charles  Wood  was 
made  president,  E.  Y.  Townsend,  vice-president,  and  D.  J.  Morrell, 
general  manager.  The  change  in  the  organization  of  the  company 
did  not,  however,  change  the  troubles  in  the  manufacture  of  the 
rails,  nor  increase  the  output,  both  exceedingly  important  matters, 
which,  unless  they  could  be  greatly  improved,  would  still  leave  the 
handwriting  of  failure  on  the  wall.  Having,  in  view  of  the  past, 
and  remembering  my  former  doubts,  gone  over  the  entire  subject 
again,  I  made  up  my  mind  as  to  what  must  be  done  to  make  a  suc- 
cess ;  and  I  was  prepared  to  submit  my  plans  and  recommendations 
to  the  new  company. 

My  plan  was  to  build  an  entirely  new  train  of  rolls  and  to  make 
them  three-high  and  20  inches  in  diameter*  This  involved  a  new 
engine  with  a  fly-wheel  that  could  be  run  at  one  hundred  revolu- 
tions, should  it  be  desirable  to  do  so.  In  fact,  it  practically  meant 
an  entirely  new  rail-mill.  When  the  plan  was  submitted  to  the 
company,  they  said  at  once  it  could  not  be  done,  for  the  reason  that 
the  expense  would  be  too  great;  and  besides,  the  mill  they  had  was 
an  entirely  new  mill,  which  was  supposed  to  be  the  very  best  in  the 
country,  and  they  did  not  see  why  it  could  not  be  made  to  do  good 
work.  Finally,  I  succeeded  in  convincing  some  of  the  managers 
that  something  must  be  done,  and  that  if  they  would  adopt  my  re- 
commendations I  was  certain  of  success.     After  consulting  together, 

*  The  principle  of  utilizing,  without  reversal,  the  continuous  motion  of  three  rolls, 
had  been  already  applied  to  vertical  rolls,  at  the  Trenton  Iron  Works,  N.  J  ,  under 
the  direction  of  ray  friend,  the  late  Charles  Hewitt,  a  man  whose  reticence  and 
modesty  deprived  him  of  much  of  the  credit  which  his  ingenuity  and  skill  de- 
6erved.  I  do  not  doubt  that  Hon.  Abram  S.  Hewitt,  twice  President  of  this  Insti- 
tute, and  justly  honored  at  home  and  abroad,  would  be  the  first  to  acknowledge 
how  much  he  owed,  in  those  days  of  bold  beginnings,  to  the  courage,  skill  and 
wisdom  of  his  brother. 
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they  directed  me  to  go  on  and  build  an  18-inch  two-high  geared 
train  to  take  the  place  of  the  train  we  had.  To  this  I  replied  in  the 
most  emphatic  manner  that  I  would  not  do  it,  as  it  would  be  money 
thrown  away.  To  my  refusal,  they  said  the  position  taken  was  a 
most  arbitrary  one,  and  one  I  had  no  right  to  take,  as  I  was  in  their 
employ  on  a  salary  to  manage  their  works,  and  that  they  had  some 
right  to  say  what  should  be  done.  To  this  I  assented  partially,  but 
at  the  same  time  told  them,  that  if  they  continued  in  the  line  they 
were  in,  there  would  in  a  short  time  be  held  a  large  funeral,  and  I 
did  not  intend  to  stay  and  attend  it.     At  this  the  meeting  adjourned. 

In  a  few  days  they  gave  me  permission  to  go  on  and  build  such  a 
mill  as  I  wanted,  but  they  thought  it  would  be  better  to  make  the 
rolls  18  inches  instead  of  20  inches  in  diameter;  and,  by  way  of  com- 
promise, I  consented  (which  was  a  mistake),  and  began  to  build  the 
new  train  and  make  other  important  changes  about  the  mill. 

About  the  time  we  had  the  patterns  for  the  new  train  and  engine 
completed,  we  were  brought  to  a  stop  by  a  protest  in  the  form  of  a 
legal  document,  holding  the  managing  partners  personally  responsi- 
ble for  the  building  of  a  new  mill.  This,  of  course,  was  an  unex- 
pected stunner,  and  all  work  was  suspended. 

One  Sunday  morning  when,  as  I  now  realize,  I  ought  to  have 
been  at  church,  Mr.  Townseud  came  down  to  the  mill,  where  I  was 
alone,  and  brought  with  him  the  legal  protest  and  read  it  to  me. 
After  all  these  years,  no  person  other  than  myself  can  fully  appreciate 
the  trying  position  the  managers  were  in.  On  the  one  hand  I  was 
urging  them  to  go  on  and  build  a  mill  on  an  untried  plan,  and  ab- 
solutely refusing  to  build  the  two-high  geared  mill  they  asked  for, 
feeling  that  such  a  mill  would  only  in  a  small  way  mitigate  the 
troubles  we  had  gone  through,  and  that  the  money  spent  on  such  a 
plant  would  be  thrown  away.  On  the  other  hand,  there  was  a  strong 
party  of  stockholders  protesting  in  the  most  positive  manner  against 
going  on  with  my  plans,  and  notifying  the  managers  that  they  would 
hold  them  personally  liable  for  all  the  loss  and  damage  that  might 
grow  out  of  their  unwise  action,  as  they  considered  this  action  to  be, 
in  adopting  a  new  and  untried  method  that  was  against  all  practice 
in  this  and  the  old  country,  from  which  at  that  time  we  obtained  our 
most  experienced  iron-makers.  Besides,  prominent  iron-makers  in 
various  parts  of  the  country  had  said  to  Mr.  Morrell  that  the  whole 
business  would  end  in  a  failure,  and  that  man  Fritz  would  ruin  them. 
The  heaters  and  rollers  were  also  opposed  to  my  plans,  and  they 
appointed  a  committee  to  wait  on  the  managers  and  to  say  to  them 
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that  the  three-high  train  would  never  work  ;  that  they  themselves 
would  suffer  by  reason  of  its  adoption,  but  that  if  the  managers 
would  put  in  a  two-high  geared  train,  which  was  the  proper  thing 
to  do,  the  mill  would  go  all  right. 

As  I  look  back  to  that  eventful  Sunday  morning  long  years  ago, 
when,  sitting  on  a  pile  of  discarded  rails,  with  evidences  of  failure 
on  every  side,  Mr.  Townsend  and  myself  quietly  and  seriously  talked 
over  the  history  of  the  past,  the  difficulties  of  the  present  and  the 
uncertainties  of  the  future,  I  cannot  but  feel,  in  view  of  what  has 
since  come  to  pass,  that  it  was  not  only  a  critical  epoch  in  the  history 
of  the  Cambria  Iron  Company,  but  as  well  the  turning-point  in  my 
own  life.  For,  as  Mr.  Townsend  rose  to  leave,  after  a  long  confer- 
ence, he  turned  to  me  and  said:  "Fritz,  go  ahead,  and  build  the 
mill  as  you  want  it."  I  asked  :  "  Do  you  say  so  officially  ?"  To 
which  he  replied  :  "  I  will  make  it  official."     And  he  did  so. 

I  want  to  avail  myself  of  this  opportunity  to  say  that  to  no  other 
person  so  deservedly  belongs  the  credit,  not  only  of  the  introduction 
there  of  the  three-high  roll  train,  but  of  the  subsequent  wonderful 
prosperity  that  came  to  the  Cambria  Iron  Company,  as  it  does  to  E. 
Y.  Townsend,  then  its  vice-president.  Notwithstanding  I  had  now 
the  consent  of  the  company  to  go  on,  many  of  my  warmest  friends, 
some  of  whom  were  practical  iron-workers,  came  to  me  and  urged 
me  not  to  try  so  foolish  an  experiment.  They  said  I  had  taken  a 
wrong  position  in  refusing  to  build  the  kind  of  a  mill  the  company 
wanted;  that  in  all  probability  the  mill  I  was  getting  up  would 
prove  a  failure,  and,  being  a  young  man,  my  reputation  would  be 
ruined  for  life.  To  this  I  replied  that  possibly  they  were  right  in 
what  they  said,  but  that  I  had  given  the  subject  the  most  careful 
consideration,  and  was  ready  to  take  my  chances  on  the  result.  The 
work  was  now  pushed  on  as  fast  as  possible.  In  the  construction 
of  the  rail-train  I  made  a  radical  departure  from  the  old  practice, 
which  was  to  provide  breaking-pieces  here  and  there.  I  tried  to 
make  everything  so  strong  that  nothing  would  break.  One  of  the 
previous  methods  was  to  make  coupling-boxes  and  spindles  so  that 
they  would  break  when  any  extra  strain  would  come  on  them,  and 
the  driving-spindle  had  a  groove  cut  around  it  so  that  it  would  be 
sure  to  break  before  the  rolls.  The  result  was  the  constant  break- 
ing of  some  of  these  safety-devices.  In  addition  to  all  these  devices 
there  was  what  was  called  a  breaking-box  on  top  of  the  rolls  which 
held  the  roll  in  position,  which  was  made  hollow,  so  as  to  crush 
if  the  strain  was  too  great.     I  directed  the  pattern-maker  to  make  it 
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solid.  The  head  roller,  seeing  the  pattern  was  solid,  went  to  the 
pattern-maker  to  have  it  changed  and  made  hollow,  as  he  supposed 
it  had  been  made  so  by  mistake,  but  the  pattern-maker  refused  to 
alter  it,  as  he  said  the  "old  man"  (as  they  called  me  forty  years  ago) 
had  ordered  it  to  be  made  that  way.  "  Well,"  said  the  roller,  "  the 
old  man  has  gone  crazy;  and  if  that  box  is  put  in  as  it  is,  the  mill 
will  be  smashed  to  pieces,  and  I  am  going  to  see  him  about  it," 
which  he  did,  and,  of  course,  I  told  him  the  box  was  going  in  solid, 
as  I  would  rather  have  one  grand  old  smash-up  once  in  a  while  than 
be  constantly  annoyed  by  the  breaking  of  spindles,  couplings  and 
breaking-boxes;  to  which  he  replied  :  "  Well,  you'll  get  it." 

The  new  mill  having  been  prepared  and  ready  to  put  in  place,  the 
old  mill  was  stopped  on  the  evening  of  July  3,  1857,  and  after  the 
Fourth  I  commenced  to  tear  the  old  mill  out  and  put  the  new  one 
in,  and  also  to  put  in  the  new  engine,  while  at  the  same  time  I  re- 
modeled  everything  about  the  rail-department,  and  raised  the  floor- 
line  2  feet.  On  the  29th  of  the  same  month  everything  was  com- 
pleted and  the  mill  was  ready  to  be  started.  I  need  not  tell  you  that 
it  was  an  extremely  anxious  time  for  me,  nor  need  I  add  that  no 
engraved  cards  of  invitation  were  sent  out,  that  not  being  the  cus- 
tom in  the  early  days  of  iron-making ;  and,  indeed,  if  it  had  been, 
it  would  not  have  been  observed  on  that  occasion.  As  the  heaters 
to  a  man  were  opposed  to  the  new  kind  of  a  mill,  we  did  not  want 
them  about  at  the  start.  We  however  secured  one  out  of  the  lot, 
who  was  the  most  reasonable  one  among  them,  to  heat  the  piles  for 
us,  and  we  kept  the  furnace  smoking  for  several  days,  as  a  blind. 
At  last,  everything  being  ready,  we  charged  six  piles.  About  ten 
o'clock  in  the  morning  the  first  pile  was  drawn  and  went  through 
the  rolls  without  the  least  hitch,  making  a  perfect  rail.  You  can 
judge  what  my  feelings  were  as  I  looked  upon  that  perfect  and  first 
rail  ever  made  on  a  three-high  mill;  and  you  may  in  part  know  how 
grateful  I  felt  toward  the  few  faithful  men  who  were  about  me,  and 
who  had  stood  by  me  during  all  my  trials  and  difficulties,  among 
whom  were  Alexander  Hamilton,  the  superintendent  of  the  mill, 
and  Thomas  Lapsly,  who  had  charge  of  the  rail-department,  Wm. 
Canam  and  my  brother  George.  We  now  proceeded  to  roll  the 
other  five  piles.  When  two  more  perfect  rails  had  been  rolled,  we  were 
obliged  to  stop  the  engine,  for  the  reason  that  we  were  so  intently 
watching  the  rolls  that  the  engine  had  been  neglected,  and,  being 
new;  the  eccentric  strap,  for  want  of  oil,  got  hot  and  bent  the  eccen- 
tric rod  so  much  that  the  engine  could  no  longer  be  worked.     As 
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it  would  have  taken  some  time  to  straighten  the  rod  and  reset  the 
valves,  the  remaining  piles  were  hauled  out  from  the  furnace  on  the 
mill-floor.  About  this  time  the  heaters,  hearing  the  exhaust  of  the 
engine,  came  into  the  mill  in  a  body  and  from  the  opposite  end  to 
where  the  rails  were.  Seeing  the  unrolled  piles  lying  on  the  floor, 
they  took  it  for  granted  that  the  new  train  was  a  failure;  and  their 
remarks  about  it  were  far  from  being  complimentary.  Mr.  Hamilton, 
coming  along  about  that  time,  and  hearing  what  they  were  saying 
about  the  mill,  turned  around,  and  using  language  more  pointed  than 
polite,  told  them  that  if  they  would  go  down  to  the  other  end  of  the 
mill,  they  would  see  three  handsomer  rails  than  had  ever  been  made 
in  their  country.  The  next  day,  which  was  Friday,  we  ran  all  day, 
and  at  night  put  on  the  regular  night-turn.  Everything  worked 
well  up  to  noon  of  Saturday,  it  being  our  custom  to  stop  rolling  at 
that  time.  About  six  o'clock  in  the  evening,  Mr.  Hamilton  and 
myself  left  the  mill,  and  on  our  way  home  we  congratulated  each 
other  on  the  fact  that  our  long  line  of  troubles  and  disappointments 
was  now  over.  About  an  hour  later  I  heard  the  fire-alarm  whistle 
blow,  and  rushing  back  to  the  mill  found  it  one  mass  of  flame  from 
one  end  to  the  other.  In  less  than  one  hour's  time  the  whole 
building  was  burned  to  the  ground,  and  a  story  started  that  the  new 
machinery  was  a  total  failure,  and  that  we  had  burned  the  mill  to 
hide  our  blundering  mistakes. 

The  situation  of  affairs  on  that  Saturday  night  was  such  as  might 
appall  the  stoutest  heart;  the  result  of  our  labors  and  anxieties  lay 
there,  a  mass  of  black  and  smoking  ruins,  and  the  money  that 
had  been  so  hard  to  get,  with  which  to  build  the  new  works,  was 
gone.  The  prospect  was  gloomy,  but  there  was  one  gleam  of  light 
amid  all  the  darkness;  and  that  was  the  pile  of  new  and  perfect  rails 
which,  as  Hamilton  had  said,  had  never  been  beaten  by  Wales,  from 
which  country  most  of  the  iron  rails  used  here  came.  Above  all, 
the  mill  had  been  tried  and  found  to  work  magnificently,  and  it  was 
these  two  facts  that  gave  us  all  fresh  courage,  and  enabled  us  to 
rebuild  the  mill. 

The  following  day,  Sunday,  was  devoted  to  rest  and  to  thinking 
over  the  matter  ;  at  any  rate  it  was  not  spent  in  the  mill.  On  Mon- 
day morning  we  commenced  to  clear  up  the  wreck  and  to  begin  the 
work  of  rebuilding.  In  four  weeks  from  that  time  the  mill  was 
running,  and  made  30,000  tons  of  rails  without  a  hitch  or  a  break  of 
any  kind,  thus  making  the  Cambria  Iron  Company  a  great  financial 
success,  and  giving  them  a  rail-mill  far  in  advance  of  any  mill  in 
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the  United  States,  a  position  they  held  unquestioned  until  the  revo- 
lutionary invention  of  Sir  Henry  Bessemer  came  into  general  use, 
and  steel  rails  pushed  to  the  wall  the  rails  previously  made  of  iron. 
I  do  not  now  intend  to  speak  of  the  wonderful  change  this  invention 
of  Sir  Henry  Bessemer  brought  about  in  this  country,  nor  of  the 
enormous  increase  in  the  production  of  rails  it  made  possible.  It  is 
but  just  to  say  that  some  credit  for  this  great  increase  is  fairly  due 
to  the  introduction  of  the  three-high  roll-train  first  erected,  amid  the 
most  discouraging  conditions,  in  the  mill  of  the  Cambria  Iron  Com- 
pany at  Johnstown  thirty-seven  years  ago. 

The  use  and  advantages  pertaining  to  the  three-high  train  were 
by  no  means  confined  to  the  making  of  iron  or  steel  rails.  Let  any 
practical  man  go  into  the  iron-  or  steel-mills  of  this  country,  and  he 
will  see,  not  only  how  they  have  served  to  increase  production,  but 
also  how  in  many  ways  their  use  has  necessitated  other  improve- 
ments, all  of  which  have  brought  about  more  perfect  work. 

If  the  knowledge  we  had  in  the  early  days  of  making  bar-iron  and 
rails  was  incomplete  and  crude,  it  was  not  more  so  than  the  knowledge 
displayed  in  making  pig-iron.  About  1838  or  1839,  Mr.  Kunzi,  at 
that  time  a  member  of  the  firm  of  Farr  &  Kunzi,  large  manufacturing 
chemists  in  Philadelphia,  and  one  of  the  ablest  chemists  of  the  time, 
made  some  experiments  with  a  view  of  smelting  iron  with  anthracite 
coal,  and  about  1842  or  1843  he  built  a  blast-furnace  on  the  Schuyl- 
kill River  at  Spring  Mill,  and  after  several  unsuccessful  attempts  to 
make  iron  in  it  he  sent  for  Benjamin  Perry,  a  practical  furnace-man, 
to  come  and  take  charge  of  his  new  furnace,  which  he  did,  and  suc- 
ceeded in  getting  it  in  good  working-shape  and  making  fairly  good 
iron. 

Mr.  Kunzi  was  thereupon  congratulating  Mr.  Perry  on  his  success, 
and  said,  that  while  he  himself  knew  all  about  the  chemistry  of  iron, 
he  knew  nothing  about  the  making  of  it.  To  this  Mr.  Perry  replied, 
that  he  knew  nothing  about  chemistry,  but  he  did  know  how  to 
make  iron.  Shortly  afterward  Mr.  Perry  thought  he  could  do  better 
by  going  elsewhere  and  blowing  in  other  anthracite-furnaces,  and 
asked  Mr.  Kunzi  to  let  him  off.  This  Mr.  Kunzi  did  not  wish  to 
do,  and  he  invited  Mr.  Perry  to  come  up  to  his  house  with  a  view 
of  trying  to  induce  him  to  remain.  In  connection  with  this,  quite 
an  amusing  story  is  told.  During  the  interview  Mr.  Kunzi  talked 
about  the  chemistry  of  iron-making,  and  of  the  combustion  of  coal, 
etc.,  and  consequently  had  a  good  deal  to  say  about  oxygen  and  hy- 
drogen, all  of  which  became  rather  tiresome  to  Mr.  Perry,  who  sup- 
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posed  that  he  had  been  invited  there  to  have  a  drink,  and  he  said  to 
Mr.  Kunzi :  "  I  don't  know  a  d d  thing  about  hydrogen  or  oxy- 
gen, but  if  you  have  some  good  Holland  gin,  I'll  take  some  of  that." 

Some  fifteen  years  later  it  was  my  fortune  to  have  the  same 
founder  in  charge  of  the  blast-furnaces  at  Cambria,  as  even  at  that 
time  he  was  looked  upon  as  being  the  most  practical  blast-furnace 
man  in  the  country.  While  he  was  with  me,  my  friend,  John  Grif- 
fin, of  Phoenix ville,  paid  me  a  visit,  and  he  wanted  to  meet  Mr. 
Perry.  So  I  had  him  come  up  to  my  house,  where  they  soon  got  to 
talking  on  blast-furnace  practice;  and  among  other  things  Mr.  Grif- 
fin asked  him  about  the  coal  they  were  using  for  making  coke,  to 
which  he  replied  that  it  was  bad,  being  full  of  brass.  Mr.  Griffin 
said:  "Mr.  Perry,  you  mean  iron  pyrites."     "Well,"  said  Perry, 

"you  may  call  it  what  you  d d  please,  but  I  tell  you  it's  brass," 

and  the  manner  in  which  he  spoke  was  so  emphatic  that  Mr.  Griffin 
wisely  concluded  not  to  pursue  any  further  that  branch  of  the  sub- 
ject. Yet  the  speaker  was  the  best  practical  furnace-man  that  I 
knew  at  that  time. 

Gentlemen,  I  have  already  taxed  your  patience  far  beyond  what 
I  intended  when  I  began  this  paper;  but  the  subject  is  one  in  which 
I  have  been  greatly  interested  all  my  life,  and  perhaps  it  is  not 
strange  that  1  have  dwelt  upon  it  to  the  extent  I  have.  Yet,  after 
all,  I  feel  that  I  have  come  far  short  of  showing  you  the  real  condi- 
tion of  the  iron  business  when  I  first  became  connected  with  it,  fifty- 
six  years  ago.  I  would  like  to  have  described  the  shops  and  the 
tools  we  then  had;  but  time  will  not  permit.  The  younger  members 
who  visit  the  immense  iron-  and  steel-plants  of  the  present  day  will 
never  know  how  the  old-time  iron-maker  managed  to  get  along  with 
only  the  commonest  and  crudest  tools  and  appliances,  many  of  which 
have  long  since  gone  out  of  existence.  In  the  machine-shops  in 
which  we  built  our  engines  and  mills,  there  were  very  few  tools 
other  than  the  hand-hammer,  cold-chisel  and  file;  and  I  must  say, 
that  in  the  hands  of  the  skilful,  hard-working  mechanics  of  those 
days  there  was  not  much  they  could  not  accomplish. 

I  would  not  feel  that  I  had  done  my  whole  duty  in  my  reference 
to  the  iron-making  of  the  past,  in  which  I  had  a  part,  did  I  not 
place  on  record  my  admiration  of,  and  my  obligation  to,  the  trusty, 
faithful  and  stalwart  men  whom  during  these  many  years,  from  time 
to  time,  I  had  about  me.  They  were,  tor  the  most  part,  uneducated 
young  men  from  off  the  adjoining  farms,  or  had  received  their  train- 
ing as  woodsmen  or  as  workers  in  the  collieries,  charcoal- furnaces, 
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or  bloomeries  scattered  about  in  the  hills;  they  knew  little  of  science 
or  of  school-training;  but  they  were  courageous,  faithful,  hard 
workers,  who  knew  nothing  of  short  hours  or  of  resting  when  there 
was  important  work  to  be  done,  and  they  had  lots  of  good  common- 
sense,  which  helped  them  and  me  out  of  many  a  tight  place.  There 
were,  in  addition  to  the  men  I  have  spoken  of,  and  on  whom  I  so 
much  relied  in  times  of  break-downs  and  disasters,  a  large  number 
of  puddlers,  who,  for  the  most  part,  in  the  early  days  of  iron-making, 
were  Welshmen,  and  in  addition  to  their  being  skilful  iron  workers, 
generally  good  men  and  good  citizens. 

It  is  on  such  an  occasion  as  this  that  the  roll-call  of  memory 
brings  back  to  me  the  faces  and  forms  of  my  early  associates  who 
were  engaged  with  me  in  the  various  enterprises  of  which  I  have 
spoken.  Nearly  all  have  passed  away ;  but  I  honor  the  memory  of 
those  who  have  gone,  as  I  thank  those  still  living  for  all  they  did  to 
help  and  encourage  me  through  the  trials  and  anxieties  of  the  past. 


CONNECTICUT  WOJIK  AND  WORKMEN. 

BY  DR.  GEORGE  L.  PORTER,  BRIDGEPORT,  CONN. 
(Address  of  Welcome  at  the  Bridgeport  Meeting,  October,  1894.) 

Mr.  President  and  Gentlemen  of  the  Institute  of  Mining  Engineers : 

Unofficially  representing  the  people  of  the  vicinage,  it  is  my 
pleasant  duty  to  welcome  you  to  the  city  of  Bridgeport,  to  the  valley 
of  the  Naugatuck,  to  the  State  of  Connecticut. 

The  importance  and  wide-reaching  influences  of  the  investigations 
for  which  your  Institute  is  organized,  the  beneficial  results  which 
have  directly  and  indirectly  blessed  mankind  from  your  and  kindred 
studies,  the  distinguished  position  which  has  been  achieved  in  the 
scientific  world  by  the  Institute  as  a  society,  and  the  personal  repu- 
tation which  is  the  proper  recognition  of  the  ability  and  knowledge 
of  its  individual  members,  assure  all  that  in  attempting  to  honor  you 
we  are  ourselves  honored. 

In  the  republic  of  knowledge  no  fictitious  rewards  dignify  the 
incompetent  and  the  ignorant — the  attested  success  of  inventions  and 
discoveries  in  the  workshop  of  nature  differentiates  her  real  citizen- 
ship. 

Your  present  place  of  meeting  is  wisely  selected ;  for  this  senti- 
vol.  xxiv  — 39 
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nient  regarding  the  personal  ability  of  the  man  himself,  and  his  in- 
dividual responsibility  for  the  welfare  of  all,  was  the  determining 
cause  in  the  founding,  has  been  the  prolific  instrumentality  in  the 
development  of  our  commonwealth.  The  design  of  the  original  col- 
onists, the  purpose  of  their  institutions,  both  educational  and  politi- 
cal, the  intentional  tendency  of  their  domestic  and  social  life,  was  to 
furnish  to  all  in  their  community  an  opportunity  to  acquire  what 
John  Milton  considered  a  complete  education.  "  A  complete  edu- 
cation," said  the  blind  poet  of  England,  "  I  hold  to  be  one  that  pre- 
pares a  man  to  perform  wisely,  skilfully,  magnanimously,  all  duties, 
public  and  private,  in  peace  and  war." 

Connecticut  has  contributed  much  to  the  general  prosperity. 

On  May  31,  1638,  two  years  after  the  beginning  of  the  Colony, 
the  Rev.  Thomas  Hooker  enunciated  the  doctrine  "  That  the  founda- 
tion of  authority  is  laid,  firstly,  in  the  consent  of  the  people;  that 
the  people  or  their  representatives  are  supreme ;  from  them  originate 
the  laws,  the  establishment  of  office,  its  duties,  powers  and  limita- 
tions, and  the  selection  of  rulers."  This  sermon  in  the  wilderness, 
where  now  is  Hartford,  developed  into  the  constitution  of  the  Colony  : 
"  the  first  written  constitution,  ....  as  a  permanent  limitation  on 
governmental  power,  known  to  history,  and  the  first  American  con- 
stitution of  government  to  embody  the  democratic  idea."  It 
awakened  the  spirit  of  independence  which  culminated  in  the  organ- 
ization of  the  nation,  and  furnished  to  the  constitutional  convention 
of  1787,  in  Philadelphia,  the  model  of  a  pure  republic,  upon  which 
was  patterned  the  Constitution  of  the  United  States.  If  Faneuil 
Hall  was  the  cradle,  the  log  meeting-house  of  Parson  Hooker  was 
the  birth-place,  of  American  liberty. 

The  first  political  condition  of  Connecticut  was  a  typical  aristoc- 
racy, using  the  primary  meaning  of  the  word  which  is  now  "  nearly 
obsolete  and  very  rare,"  signifying  a  governing  body  composed  of 
the  best  men  of  the  State.  In  political  power,  possessions,  and  allot- 
ment of  land,  they  were  equals.  It  was  a  militant  community.  In 
1680  it  had  an  organized  militia  of  2507  foot  soldiers  and  a  troop  of 
horse — a  force  as  large  as  that  of  to-day.  In  1713,  with  an  esti- 
mated population  of  25,000  to  30,000,  the  effective  military  organi- 
zation was  over  4000  men;  a  similar  proportionate  soldiery  to-day 
would  outnumber  100,000  fighting  men.  When  a  new  settlement 
went  out  from  the  older  towns,  the  pioneers  were,  in  the  quaint  lan- 
guage of  the  time,  "fastened  down"  to  the  locality,  and  if  they 
failed  to  stay  and  defend  their  new  possessions  against  the  Indians 
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and  other  foes,  their  property  was  forfeited  to  the  Colony.  In  the 
War  of  the  Revolution,  Georgia  furnished  2679  men;  South  Caro- 
lina, 6417;  Pennsylvania,  25,678;  New  York,  17,781;  while  Con- 
necticut furnished  31,939. 

In  the  Colony  the  town  was  the  unit,  each  of  the  original  towns 
sending  two  representatives  to  the  assembly.  Each  family  was 
largely  a  self-dependent,  patriarchal  assemblage,  living  mainly  upon 
the  products  of  the  farm,  the  women  skilled  in  all  domestic  labor, 
and  familiar  with  loom  and  spinning-wheel ;  the  men  practiced  in 
outdoor  work,  dexterous  at  the  forge,  the  anvil  and  the  carpenter's 
bench.  No  idle  person  was  tolerated ;  every  one  became  an  adept 
in  some  of  the  household  industries.  Hence,  a  Connecticut  colony 
organized  itself  at  once  into  a  complete  body-politic,  with  equitable 
Jaws,  with  capable  officers  in  harmony  with  other  colonies,  and  with 
members  educated  for  self-support.  The  men  thought  to  be  best 
equipped  for  the  offices  were  elected,  and  if  they  did  not  serve,  they 
were  fined.  While  in  office  they  were  cordially  supported  ;  when 
their  time  had  expired,  they  were  equally  loyal  to  their  successors. 
Until  this  century,  Connecticut  was  mainly  an  agrarian  common- 
wealth ;  but  the  constitution  of  1818  abrogated  all  special  rights  of 
the  land-owner,  and  gradually  changed  the  State  from  an  agricultural 
to  a  manufacturing  community.  Notwithstanding  the  difference  of 
occupations,  the  spirit  of  independence,  inherited  from  a  brave  ances- 
try and  developed  by  duties  faithfully  performed,  distinguished  the 
workman.  Equal  in  Church  and  State,  employer  and  employees 
realized  that  skill  in  workmanship,  diligence  in  labor,  honesty  in 
business,  and  personal  ability,  determined  their  individual  future. 
The  road  to  success  was  closed  by  no  bar  of  privilege.  Fortune  and 
preferment  could  be  better  acquired  by  cordial  co-operation  than  by 
a  niggardly  and  grudging  performance  of  contracts.  The  sagacious 
artisan  was  quick  to  see,  that  in  manufacturing  articles  experienced 
work  upon  single  parts,  similar  and  interchangeable,  cheapened  and 
improved  the  product,  and  that  if  machinery  could  make  these  parts, 
the  result  would  be  still  more  favorable. 

Allow  me  to  read  a  single  incident  from  Johnston's  Connecticut 
(American  Commonwealths  Series),  page  359  : 

"  Chauncey  Jerome  began  the  manufacture  of  brass  clocks  about  1821,  and  with 
this  the  modern  field  of  Connecticut  ingenuity  was  opened.  The  parts  of  the  clocks 
were  soon  made  interchangeable,  so  that  one  workman  could  give  his  entire  time 
to  the  production  of  each  part,  while  increased  production  made  the  whole  clock 
cheaper;  and  the  application  of  machinery  to  the  production  of  the  parts  soon  made 
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prices  still  cheaper.  In  1840,  the  value  of  the  clocks  produced  in  the  State,  almost 
entirely  for  home  consumption,  was  over  a  million  dollars,  and  the  manufacturers 
were  ready  to  reach  out  for  foreign  trade.  So  low  had  they  driven  cost  and  prices, 
that  their  first  exports  paid  more  than  2000  per  cent,  profit.  The  story  goes  that 
the  first  cargo  of  Connecticut  clocks  for  the  English  market  was  invoiced  so  low 
in  spite  of  this  abnormal  profit,  that  the  custom-house  officers,  suspecting  underval- 
uation, enforced  their  right  to  take  the  cargo  at  its  invoice  value.  This  suited  the 
exporters  so  well  that  they  immediately  shipped  another  cargo,  which  met  the  same 
fate.  A  third  staggered  the  custom-house,  and  it  went  out  of  the  clock  business. 
Since  that  time,  the  world  hasheen  supplied  with  machine  made  Connecticut  clocks 
and  watches." 

The  testimony  of  the  trained  and  experienced  English  observer, 
Mr.  Daniel  Pigeon,  is  most  interesting  : 

"The  Connecticut  workman  is  usually  a  Yankee  of  Yankees  by  birth,  and  of  a 
temperament  thoughtful  to  dreaminess.  His  natural  bent  is  strongly  towards  me- 
chanical pursuits,  and  he  finds  his  way  early  in  life  into  the  workshop.  Impatient 
of  the  fetters  which  trade  societies  forge  for  less  independent  minds,  he  delights  to 
make  his  own  bargain  with  his  employer,  and,  whatever  be  the  work  on  which  he 
is  engaged,  bends  the  whole  force  of  an  acute  but  narrow  intelligence  to  scheming 
means  for  accomplishing  it  easily.  Unlike  the  English  mechanic,  whom  a  different 
education,  and  different  circumstances,  have  taught  to  believe  his  own  interests  ill- 
served  by  facilitating  the  operations  of  the  workshop,  the  Connecticut  man  is  pre- 
foundly  convinced  to  the  contrary.  He  cherishes  a  fixed  idea  of  creating  a  monop- 
oly in  some  branch  of  manufacture  by  establishing  an  overwhelming  superiority 
over  the  methods  of  production  already  existing  in  that  branch.  To  "get  up"  a 
machine,  or  a  series  of  machines,  for  this  purpose,  is  his  one  aim  and  ambition.  If 
he  succeeds,  supported  by  patents,  and  the  ready  aid  which  capital  gives  to  prom- 
ising  novelties  in  the  States,  he  may  revolutionize  an  industry,  forcing  opponents 
who  produce  in  the  old  way  altogether  out  of  the  market,  while  benefiting  the  con- 
sumer, making  his  own  fortune  at  the  same  time.  The  workshops  of  Massachusetts, 
Rhode  Island,  and  especially  of  Connecticut,  are  full  of  such  men.  Usually  tall, 
thin,  reflective,  and  taciturn,  but  clever,  and,  above  all  things,  free — the  equals,  al- 
though mechanics,  of  the  capitalist  upon  whose  ready  alliance  they  can  count — 
they  are  an  element  of  incalculable  value  to  American  industry.  Their  method  of 
attacking  manufacturing  problems  is  one  which,  intelligently  handled,  must  com- 
mand markets  by  simultaneously'improving  qualities  and  cheapening  prices.  We 
ourselves  certainly  aim,  as  they  do,  at  the  specialization  of  manufacture,  but  one 
scarcely  treads  upon  the  threshold  of  clock-land  before  feeling  how  much  more  uni- 
versally the  system  is  being  applied  in  the  States  than  here  in  England.  Tools  and 
processes  which  we  are  inclined  to  consider  as  exceptionally  clever,  are  the  common- 
places of  American  shops,  and  the  determination  to  do  nothing  by  hand  which  can 
be  done  by  a  machine,  is  a  marked  characteristic  of  the  workman  there,  while  it 
scarcely  exi>ts  among  operatives  here." 

Immigration  may  in  time  remove  this  contrast;  but  in  the  past, 
when  strikes  have  separated  labor  and  capital,  the  American  work- 
man of  colonial  ancestry,  honoring  his  own  independence,  has  not 
endorsed   the  imported   barbarism  of  foreign   laborers  by  violently 
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preventing  the  employment  of  others.  Whenever  he  is  deprived  of 
accustomed  work,  he  does  not  willingly  trust  to  the  grudging  dole  of 
unions,  or  supinely  depend  upon  soup-houses,  waiting  for  "  the  clouds 
to  roll  by,"  but  he  turns  toother  labors.  When  business  depression 
paralyzed  the  industries  of  the  Xaugatuck  valley,  the  mechanics  be- 
came, temporarily,  truck-farmers,  and  made  the  enforced  summer 
holiday  contribute  to  their  health,  pleasure,  and  resources. 

I  need  not  remind  you,  gentlemen,  who  are  far  more  conversant 
with  these  matters  than  I  can  be,  of  the  innumerable  inventions,  in 
all  departments  of  usefulness  and  ingenuity,  and  especially  in  those 
pertaining  to  mechanical  improvements,  that  have  originated  in  Con- 
necticut, a  State  that  surpasses  all  others  in  the  percentage  of  its 
patentees.  Many  of  these  have  a  native  or  adopted  home  here  in 
Bridgeport — of  this,  however,  others  cau  speak  more  intelligently 
and  familiarly  than  I. 

Early  in  our  history,  the  probability  of  mineral  deposits  stimu- 
lated the  traditional  and  inherited  desire  for  wealth.  The  copper- 
mines  of  Simsbury,  the  property  of  the  town,  were  "farmed  out" 
to  various  people,  who  brought  over  miners  from  Germany  and  spent 
their  money  freely,  but  got  little  of  it  back.  The  ore  contained  from 
15  to  20  per  cent,  of  copper,  but  was  too  refractory  to  do  more  than 
lure  speculators  into  bankruptcy  through  assayers'  reports.  Gov- 
ernor Belcher  wrote  in  1735  that  he  had  spent  more  than  £15,000 
in  fifteen  years.  It  is  characteristic  of  the  place  and  time  that  the 
lease  provided  that  one-tenth  of  the  receipts  should  be  devoted  to 
education — one-half  of  which  should  be  paid  for  a  good  schoolmaster 
for  Simsbury,  the  other  half  given  to  Yale  College.  The  enterprise 
was  a  failure,  and  in  1733  the  mine  was  turned  into  a  prison,  of 
which  there  are  many  romantic  and  curious  traditions. 

The  iron-deposits  of  Salisbury,  worked  from  1730,  were  of  great 
value  before  and  during  the  Revolution,  and  have  been  ever  since. 
"  The  cannon  for  the  army  and  navy,  the  heavy  chains  (some  of 
which  may  still  be  seen  at  West  Point)  which  barred  the  rivers,  the 
materials  for  gun-barrels,  and  other  military  equipments  for  the 
Revolutionary  armies,  came  from  the  works  of  Salisbury,  which 
(among  the  mountains  of  northwestern  Connecticut)  were  never 
reached  by  the  enemy." 

But  in  the  development  of  our  country  the  availability  of  the  far 
greater  mineral  wealth  of  other  sections  forced  Connecticut  to  de- 
pend upon  the  mechanical  ingenuity  and  manufacturing  skill  of  her 
sons.     The  expectation  was  not  misplaced.     To  the  mills  and  work- 
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shops  and  factories  of  her  busy  villages  and  cities  come  from  dis- 
tant states  the  product  of  their  fields  and  mines,  to  be  returned 
manufactured  into  the  necessities  and  luxuries  of  the  world's  daily 
life  at  the  end  of  the  nineteenth  century.  The  sturdy,  self-reliant 
spirit  of  the  colonists  of  1636,  nurtured  by  the  worship  of  God,  the 
love  of  home,  the  pursuit  of  liberty,  and  the  stimulus  of  an  equal 
and  a  common  opportunity,  made  possible  the  prosperity  of  1892. 

"For  I  doubt  not,  through  the  ages 
One  increasing  purpose  runs, 
And  the  thoughts  of  men  are  widen'd 
With  the  process  of  the  suns," 

Upon  broader  lines,  however,  has  the  State  contributed  to  the 
national  development.  In  1728  Samuel  Higley  petitioned  the  Gen- 
eral Court,  stating  that  "  he  hath  with  great  pains  and  costs,  found 
out  and  obtained  a  curious  art,  by  which  to  convert,  change,  and 
transmute  common  iron  into  good  steel,  sufficient  for  any  use,  and 
was  the  very  first  that  ever  performed  such  an  operation  in  America, 
and  praying  for  an  exclusive  right  to  manufacture  the  article  for  a 
term  of  years."  His  request  was  granted  for  ten  years  on  condition 
that  he  and  his  associates  should  prosecute  the  business  and  bring  it 
to  a  good  and  reasonable  perfection  within  the  period  of  two  years. 
Upon  this  corner-stone — the  recognition  of  private  right  in  personal 
invention — was  the  patent-office  department  of  the  United  States 
government  erected. 

Local  tradition  affirms  that  to  Stephen  Burroughs,  a  townsman  of 
ours — by  the  bequest  of  whose  descendant  our  public  library  received 
a  "  local  habitation  and  a  name  " — is  due  the  credit  of  originating 
the  change  from  the  pounds  and  shillings  of  the  English  to  the  dol- 
lars and  cents  of  the  American  system  of  money.  He  was  a  man  of 
marked  ability  and  of  much  self-acquired  knowledge,  and  he  is  said 
— for  the  proceedings  of  the  Senate  at  that  time  were  behind  closed 
doors  and  not  made  public — to  have  influenced  our  Senators  to  pro- 
pose the  change  and  secure  its  adoption  during  the  third  or  fourth 
Congress. 

If  you  were  to  select  the  one  factor  which  exerts  the  most  impor- 
tant influence  upon  our  great  manufacturing  and  commercial  enter- 
prises, and  our  colossal  railroad  systems,  you  would  probably  agree 
that  it  is  the  employment  of  the  aggregation  of  capital  under  the 
direction  of  wise  organizers  and  administrators — in  other  words,  the 
principle  of  joint-stock  companies. 
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"The  joint-stock  act  of  Connecticut — 0837 — framed  by  Theodore  Hinsdale,  a 
manufacturer  of  this  commonwealth,  introducer!  the  corporation  in  the  form  under 
which  we  now  generally  know  it.  Its  principle  was  copied  by  almost  every  State 
of  the  Union,  and  by  the  English  limited  liability  act  of  1855,  and  the  effects  of 
its  simple  principle  upon  the  industrial  development  of  the  whole  modern  world  is 
quite  beyond  calculation." 

I  have  attempted  to  demonstrate  that  our  home  is  not  an  inappro- 
priate place  for  your  convention,  because  we  modestly  claim  that 
Connecticut  gave  to  Americans  the  model  of  republican  institutions; 
a  consciousness  of  the  inherent  dignity  of  all  honest  labor;  the  form 
of  money  most  convenient  for  their  requirements  ;  the  example  of 
protected  inventions — and  taught  them  how  to  do  business.  We 
might  present  many  other  claims  of  great,  if  not  of  equal,  import- 
ance. 

But,  gentlemen,  the  purposes  of  your  Institute  are  not  limited  to 
a  nation,  a  continent,  or  a  century.  Your  quest  is  for  those  funda- 
mental principles  by  whose  agency  the  elements  of  the  universe  have 
been  combined,  and  their  action  has  been  made  harmonious — you 
seek  by  investigation  and  experiment  to  make  material  things  min- 
ister to  the  prosperity  of  mankind  ;  you  solicit  from  nature  knowl- 
edge of  those  pristine  truths  which  Lord  Bacon  christened  "the 
daughters  of  time"  and  men  call  "eternal." 

The  wide  sweep  of  your  practical  studies  has  but  recently  been 
recognized,  showing  how  slowly  knowledge  grows  and  how  feeble  is 
human  intellect  compared  to  divine  wisdom.  Man,  searching,  in- 
vestigating, studying  during  unknown  ages,  has  found  out  some  of 
those  secrets  of  nature  which  were  created  by  Him  who  called  them 
into  being  and  decreed  their  eternal  laws.  The  discoveries  of  sci- 
ence are  not  creations,  but  recognitions,  of  the  result  of  these  laws, 
for  "the  laws  of  the  universe  are  the  thoughts  of  God." 

A  child,  wandering  in  some  grand  cathedral,  in  amazement  watches 
the  play  of  the  sunlight  upon  the  floor,  glances  at  fresco  and  paint- 
ing, peers  into  the  dim  recesses  of  the  alcoves  or  up  to  the  lofty  dome, 
and  with  awe  and  admiration  looks  upon  the  glory  of  the  altar. 
Perchance  he  may  realize  that  the  windows  are  used  for  the  entrance 
of  light,  and  the  pillars  for  the  support  of  the  roof,  and  flatter  him- 
self upon  his  discoveries,  but  is  ignorant  of  the  wisdom  that  planned 
and  the  skill  that  erected  this  "silent  prayer  in  stone." 

Few  and  scattered  are  the  elements  of  human  knowledge.  Some 
laws  of  gravity,  of  the  conservation  of  force  and  of  environment; 
some  theories  of  light,  sound,  heat;  some  discoveries  in  electricity, 
magnetism,  molecular  division,  and  of  germ-development  are  now 
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within  its  scope,  but  how  much  is  still  beyond  !  "One's  ideas,"  says 
Conan  Doyle,  "must  be  as  broad  as  nature  if  they  are  to  interpret 
nature."  The  accurate  knowledge  of  mankind,  thanks  to  modern 
instruments  of  precision  and  the  power  of  the  printing-press,  has 
wonderfully  increased  within  our  own  time.  Even  now,  through  the 
influence  of  this  Institute  and  of  kindred  societies,  we  await  a  new 
revelation  which  will  correct  the  errors  of  the  past,  explain  present 
mysteries,  unfold  new  truths,  and  teach  that  divine  laws,  unmarred 
by  the  ignorant  interpretations  of  bigotry,  are  constant  and  con- 
sistent. 

The  groves  were  not  only  God's  first  temples,  but  His  schools  as 
well..  To-day  the  heavens  and  the  earth,  with  unnumbered  riches 
for  eye  and  ear  and  mind,  invite  all  with  bounteous  promise ;  the 
doors  of  their  treasure-house  are  always  open. 

"Not  only  around  our  infancy 
Doth  Heaven,  with  all  its  splendor  lie; 
Daily,  with  souls  which  cringe  and  plot, 
We  Sinais  climb  and  know  it  not. 
Over  our  manhood  bend  the  skies ; 
Against  our  fallen  and  traitor  lives 
The  great  winds  utter  prophecies; 
With  our  faint  hearts  the  mountain  strives; 
Its  arms  outstretched,  the  druid  wood 
Waits  with  its  benedicite; 
And  to  our  age's  drowsy  blood 
Still  shouts  the  all-inspiring  sea  !  " 

Mr.  President,  Bridgeport  welcomes  you  and  your  associates  as 
the  ministers,  the  Institute  as  the  priesthood,  of  theology  as  revealed 
by  science. 


NOTE  ON  A  SPECIMEN  OF  NATIVE  IRON* 

BY   JOHN   BIRKINBINE,    PHILADELPHIA,    PA. 
(Bridgeport  Meeting,  October,  1894.) 

A  specimen  of  brown  hematite,  taken  from  an  iron-ore  mine 
near  Anniston,  Alabama,  exhibits  a  metallic  streak  or  thread  run- 
ning through  it.  This  specimen  having  been  sent  to  me,  I  have  no 
personal   knowledge  of  its  occurrence;  but  Mr.  Albert  E.  Noble 

*  Exhibited  at  the  Bridgeport  Meeting. 
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writes  that  the  metallic  threads  can  be  traced  for  a  considerable  dis- 
tance in  the  open  face  of  the  working.  A  fragment  from  the  sample 
was  submitted  to  Mr.  E.  K.  Landis,  who  reported  that  it  was  metal- 
lic iron,  and  said:  "It  gives  the  same  streak  on  porcelain  plate  as 
metallic  iron,'  is  strongly  magnetic,  and  the  material  on  which  it 
occurs  seems  to  be  chalcedony  or  jasper.  Under  the  microscope,  it 
shows  evidences  of  having  been  fused,  and  I  found  one  perfectly 
spherical  globule,  resting  on  the  dark-rock  background,  which  proves 
that  it  has  been  fused."  Evidently  the  metallic  portion  has  in  some 
way  been  reduced  from  the  oxide  which  forms  the  bulk  of  the  ore- 
deposit,  and  the  specimen  seems  to  add  one  more  to  the  list  of  locali- 
ties which  have  contributed  native  iron. 


NOTE  ON  A  SUPPOSED  AZTEC  MIRROR.* 

BY  JOHN    BIRKINBINE,   PHILADELPHIA,    PA. 

(Bridgeport  Meeting,  October,  1894.) 

What  is  believed  to  be  an  Aztec,  or  possibly  a  Toltec,  mirror, 
is  claimed  to  have  been  taken  from  one  of  the  tombs  at  Choi u la, 
near  the  city  of  Puebla,  Mexico,  where  there  is  a  mound  of  consid- 
erable size,  in  fact  a  hill,  largely  constructed  of  adobe  bricks  by  the 
Toltecs,  or  by  those  who  antedated  them. 

The  mirror  is  formed  from  a  mass  of  what  is  evidently  pyrite, 
is  nearly  a  true  hemisphere,  having  a  diameter  of  3|  inches,  and 
weighs  19  ounces.  From  its  unusual  size  it  is  believed  to  have 
been  hung  about  the  neck  of  an  idol.  Other  Aztec  mirrors  of 
smaller  dimensions,  and  of  less  weight,  so  as  to  be  carried  about  the 
person,  are  known;  but  the  one  exhibited,  being  heavy,  was  appar- 
ently intended  to  be  held  in  the  hollow  of  the  hand,  in  which  it 
fits,  and  may  have  been  utilized  to  flash  heliotropic  signals. 

The  entire  surface,  both  of  the  base  and  of  the  convex  portion  of 
the  hemisphere  proper,  has  been  beautifully  polished,  but,  for  some 
reason,  the  mirror  has  been  shamefully  abused,  the  edges  having 
been  broken,  and  the  center  of  the  base  defaced,  possibly  by  some 
one  testing  it  for  precious  metals. 

Near  the  top  of  the  hemisphere  a  hole,  one-fourth  of  an  inch  in 

*  Exhibited  at  the  Bridgeport  Meeting. 
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diameter,  enlarged  near  the  ends,  has  been  drilled  through  the  mass, 
leaving  material  on  top  of  it  of  a  thickness  but  little  more  than  the 
diameter  of  the  hole.  This  hole  served  as  a  means  of  suspending 
the  mirror. 

When  the  mirror  was  received  in  Puebla,  it  was  reported  to  be  a 
meteorite  ;  the  unusual  number  of  meteorites  and  aerolites  found  in 
Mexico  encourages  the  solution  of  vexed  questions  in  mineralogy  on 
the  presumption  that  any  questionable  specimens,  not  in  situ,  are 
dividends  from  the  dissolution  of  celestial  partnerships.  But  the 
apparent  density,  color,  and  fracture  of  the  mineral  of  which  the 
mirror  was  made  did  not  correspond  with  numerous  samples  of  mete- 
oric iron  which  had  been  examined,*  and,  on  the  contrary,  suggested 
pyrite.  Subsequently  the  specific  gravity  was  found  to  be  4.9,  agree- 
ing very  closely  with  that  of  pyrite,  given  by  Dana  as  4.82  to  5.2. 
It  also  scratched  glass. 

Senor  Antonio  del  Castillo,  Director  of  the  Geological  Survey  of 
Mexico,  and  an  honorary  member  of  the  Institute,  in  his  catalogue, 
Descriptif  des  Meteorites  du  Mexique,  gives  the  specific  gravity  of 
various  important  masses  of  meteoric  iron  found  in  Mexico  as  7.7 
and  7.8.  In  only  one  instance  does  he  give  a  less  density,  viz., 
7.38. 

To  determine  the  constituents  of  the  mirror,  without  adding  to 
the  injury  already  inflicted  on  it,  a  block  was  prepared  into  which 
the  convex  side  was  fitted,  and  the  abraded  portion  near  the  center 
of  the  base  was  attacked  by  a  drill  on  a  modern  drill-press.  After 
half  an  hour  (during  which  time  the  drill  was  frequently  removed 
so  as  to  maintain  its.  temper,  and  the  nerves  of  all  in  the  vicinity 
were  distracted  by  the  screeching  of  the  drill  upon  the  hard  surface), 
sufficient  borings  were  obtained,  about  half  a  gramme,  for  an  approxi- 
mate analysis,  but  not  enough  for  a  complete  analysis.  Mr.  E.  K. 
Landis,  who  made  the  determination,  reports  that  he  found  46.59 
per  cent,  of  iron  and  53.61  per  cent,  of  sulphur,  corresponding 
closely  with  the  composition  of  pyrite,  which,  according  to  Dana,  is 
iron,  46.7 ;  sulphur,  53.3.  A  borax  bead  indicated  that  no  nickel, 
cobalt,  or  manganese  were  combined,  and  hydrogen  sulphide  gave  no 
precipitate,  showing  that  the  heavier  metals  were  not  present  in  ap- 
preciable quantity. 

The  labor  of  fabricating  and  polishing  this  mirror,  not  the  least 


*  In  the  museum  of  the  Geological   Survey  in  the  City  of  Mexico,  there  are 
numerous  meteorites,  some  of  them  weighing  a  ton  or  more. 
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of  which  was  the  boring  of  a  small  hole  so  near  the  top  of  the  dome, 
must  have  required  months,  possibly  years,  with  the  crude  appliances 
at  hand  centuries  ago.  The  polishing  alone  demanded  no  small  pro- 
portion of  time,  if  one  may  judge  by  the  resistance  offered  under  a 
modern  drill-press.  This  polish,  which  has  withstood  atmospheric 
action  for  centuries,  in  a  dry,  attenuated  atmosphere,  7000  feet  above 
the  sea-level,  shows  no  loss  of  luster  after  having  been  kept  at  sea- 
level  for  more  than  a  year. 

Seiior  Antonio  Garcia  Cubas  credits  the  Toltecs  with  special 
ability  in  fabricating,  grinding,  and  polishing  metals  and  precious 
stones,  but  says  that  the  mounds  at  Cholula  and  elsewhere,  while 
credited  to  the  Toltecs,  are  by  many  believed  to  have  been  constructed 
by  unknown  people  who  antedated  this  tribe.  Whether  the  mirror 
is  the  work  of  artizans  older  than  the  Toltecs  or  of  the  comparatively 
more  recent  Aztecs,  it  is  a  relic  of  antiquity  as  measured  in  this 
country,  and  an  interesting  exhibition  of  mechanical  skill  with  primi- 
tive tools. 


NOTE  ON  A  PIECE  OF  CABPENTEB  STEEL.* 

BY  JOHN  BIRKINBINE,   PHILADELPHIA,    PA. 

(Bridgeport  Meeting,  October,  1894.) 

This  piece  of  Carpenter  crucible  steel  has  exhibited  a  tensile 
strength  of  116,000  pounds  per  square  inch,  an  elastic  limit  of 
89,170  pounds,  an  elongation  of  25  per  cent.,  and  a  reduction  in 
area  of  42  per  cent.  The  test-specimen  had  a  length  of  2  inches 
between  fillets,  and  was  an  inch  bar  reduced  to  an  area  of  0.504 
square  inch.  This  unusual  tensile  strength  was  determined  before 
the  bar  had  been  hardened  so  as  to  show  the  remarkably  velvety 
fracture  here  exhibited ;  but  a  piece  of  the  same,  tested  after  hard- 
ening, is  reported  to  have  stood  a  stress  of  214,000  pounds  per 
square  inch.  Another  test-piece  is  said  to  have  shown  136,000 
pounds  tensile  strength,  97,300  pounds  elastic  limit,  20  per  cent, 
elongation  in  2  inches,  and  40  per  cent,  reduction  of  area. 

Mr.  Carpenter  claims  that  this  steel,  containing  2.27  per  cent, 
chromium  and  1.04  per  cent,  carbon,  can  be  welded  like  iron,  and 
has  proved  most  desirable  for  the  highest  class  of  die-steel. 

*  Exhibited  at  the  Bridgeport  Meeting. 
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THE  NICKEL  MINE  AT  LANCASTER   GAP,  PENNSYLVA- 
NIA, AND  THE  PYRRHOTITE  DEPOSITS  AT 
ANTHONY'S  NOSE,  ON  THE  HUDSON. 

BY  J.   F.   KEMP,  NEW  YORK. 

(  Bridgeport  Meeting,  October,  1894.) 

The  use  of  nickel-steel  has  directed  increasing  interest  of  late 
towards  the  deposits  of  nickel,  and  at  the  same  time  the  parallel  ad- 
vance in  our  knowledge  of  the  basic  igneous  rocks  has  rendered  these 
deposits  a  subject  of  important  geological  inquiry.  Investigations 
have  led  to  some  views,  more  or  less  new,  on  the  igneous  origin  of 
certain  ores,  which,  though  not  universally  accepted,  have  a  growing 
number  of  adherents.  In  Europe,  the  mines  in  Norway  have  been 
especially  suggestive  subjects  of  study,  and  others  somewhat  less 
generally  known  have  also  added  their  testimony;  while  in  this 
country  the  great  economic  importance  and  scientific  interest  of  the 
developments  in  the  Sudbury  district  of  Canada,  have  furnished  the 
principal  texts  for  the  discourses  that  have  appeared  among  us.  The 
purpose  of  the  present  paper  is  to  set  forth  these  views  through  the 
medium  of  one  interesting  ore-body,  of  which  but  little  has  been 
written  ;  and,  by  the  description  of  another,  to  place  in  contrast  two 
different  geological  associations  in  which  nickeliferous  pyrrhotite 
occurs,  and  to  indicate  a  generalization,  based  upon  these  different 
geological  characters,  and  justified  by  the  experience  so  far  gained. 

To  Prof.  J.  H.  L.  Vogt,  of  Christiania,  Norway,  is  due  the  chief 
credit  for  the  revival  of  interest  in  the  geology  of  nickel.  His  im- 
portant contributions*  of  recent  date  have  made  generally  available 

*  J.  H.  L.  Vogt:  1.  "De  Canadiske  Porekomste/  af  Nikkelholdig  Magnetkis." 
2.  "  Eisennickelkies  fra  Beiern."  8.  "  Verdens  Nikkel-Prodnktion."  Geol.  Form. 
Forhandl.  Translation  :  1.  "  The  Canadian  Localities  of  Nickeliferous  Pyrrhotite." 
2.  "Pentlandite  from  Beiern"  (a  Norwegian  mining  district).  3.  "The  World's 
Nickel  Production." — Pioceedinys  of  the  Geolog.  Society  in  Stockholm,  1892,  pp. 
313-338,  433-475.  The  same  paper  was  reprinted  with  an  abstract  in  German,  by 
the  Norwegian  Geolog.  Survey,  Kristiania,  1892,  under  the  title " Nikkelforekom- 
ster  og  Nikkei  Produktion,"  and  is  on  sale  at  40  ore  (about  10  cents)  The  paper 
was  also  read  before  the  German  Geological  Society  as  noted  in  the  Zeitschr.  der 
Deutschen  Geol.  Gesellschaft,  xliii.,  819.  See  the  Canadian  Record  of  Science,  April, 
1892,  for  much  the  same  in  English. 
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much  valuable  experience,  gained  especially  in  his  own  country  by 
many  years  of  mining.  Vogt  classifies  nickel-ore  deposits  under 
three  heads:* 

1.  Arsenides  and  sulpharsenides,  chiefly  in  veins  ;  in  part,  tvpical 
nickel-veins  ;  in  part,  cobalt  veins  ;  in  a  subordinate  way,  also,  silver- 
bismuth-cobalt  veins;  also  at  Mine  la  Motte  and  Bonne  Terre,  Mo. 
Occasionally  the  arsenical  nickel-ores  occur  as  fahlbands  and  other 
forms  of  ore-deposits. f 

2.  Typical  deposits  of  nickeliferous  sulphides  formed  by  a  process 
of  magmatic  differentiation  in  basic  igneous  rocks.  Sudbury,  Canada, 
the  Gap  Mine,  Pennsylvania,  and  many  Norwegian  mines,  furnish 
good  illustration?.  In  a  subordinate  way  the  same  ores  also  occur 
in  veins,  fahlbands,  a»*d  various  other  deposits. 

3.  Nickel-silicates,  clearly  alteration-products  and  most  promi- 
nently or  quite  exclusively  in  veins  in  serpentine;  that  is,  in  ser- 
pentinized  basic  igneous  rocks,  the  original  silicates  of  which  reveal 
an  always-present,  though  small,  percentage  of  nickel.  The  asso- 
ciated minerals  are  opal,  semi-opal,  chalcedony,  chrysoprase,  various 
meerschaum-like  magnesian  silicates,  brucite,  magnesite,  ochers,  etc. 
The  ores  are  best  explained  as  due  to  lateral  secretion  from  the 
neighboring  igneous  rock.  New  Caledonia,  Riddles,  in  Oregon,  and 
various  localities  in  North  Carolina,  may  be  cited  as  illustrations. J 

Good  illustrations  of  the  first  type  are  practically  lacking  in  the 
United  States,  except,  perhaps,  at  Lovelocks,  Nevada.  Although 
many  small  veins  with  these  ores  have  been  elsewhere  reported,  none 
have  yet  proved  important.  Of  the  last  type  we  have  good  geo- 
logical examples  in  both  the  American  localities  cited,  but  in  neither, 
up  to  date,  has  any  notable  production  been  attained.  Under  the 
second  type  proper  belong  both  Sudbury,  Ont.,  and  the  Gap  Mine, 
Pa.,  which  are  practically  alike  in  geology,  while  under  the  addi- 
tional group  of  fahlbands  and  other  varieties  come  the  pyrrhotite 
ores  in  gneiss,  which  have  occasionally  attracted  attention  and 
which  include  the  second  deposit  forming  the  subject  of  this  paper. 

*  "  Bildung  von  Erzlagerstatten  dnrch  Differentiationsprocesse  in  basischen  Erup- 
tivmagmata."  Zeitschr  fur  prakt.  Geo/.,  1893,  pp.  4,  125,  and  257,  but  especially  125, 
from  which  the  three  types  given  are  taken. 

t  There  is,  however,  no  arsenic  at  Mine  la  Motte,  or  Bonne  Terre.  The  ores  are 
nickeliferous  pyrite,  and  (at  the  former,  in  a  subordinate  way)  siegenite,  a  sulphide 
of  nickel  and  cobalt  with  a  little  iron.  The  pyrite  is  disseminated  with  galena  in 
Cambrian  limestone,  while  the  siegenite  is  in  an  underlying  sandstone.  Small 
amounts  of  copper  also  appear  in  the  mattes. 

%  In  translating,  the  original  has  been  somewhat  abridged. 
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The  Gap  Mine. 

The  Gap  Mine  in  Lancaster  county,  Pa.,  is  situated  about  three 
miles  south  of  the  main-line  of  the  Pennsylvania  Railroad,  a  little 
over  fifty  miles  west  of  Philadelphia  and  fifteen  miles  north  of  the 
Maryland  border.  It  lies  in  the  midst  of  mica  schists,  presumably 
Arehean,  in  what  was  called  the  Middle  Gneissic  belt  by  H.  D. 
Rogers,  and  the  Georgetown  series  by  Persifor  Frazer.*  This  forma- 
tion is  quite  narrow  in  the  vicinity  of  the  mine  and  pinches  out  to 
the  westward,  from  the  corning  in  of  the  limestone  on  the  north  and 
south  sides. 

From  the  mine  to  Baltimore  the  region  is  marked  by  a  great  de- 
velopment of  basic  igneous  intrusions.  Near  Baltimore  they  have 
been  studied  by  the  late  G.  H.  Williams, f  whose  recent  and  un- 
timely death  is  one  of  the  severest  blows  that  American  geological 
science  has  received.  To  the  eastward,  in  Delaware  and  along  the 
State  line  in  Chester  county,  Pa.,  they  have  received  attention  from 
F.  D.  Chester,|  while  Persifor  Frazer§  has  written  of  those  in  Lan- 
caster county,  Pa.  In  all  the  exposures  the  original  pyroxenic 
rock  shows  marked  alterations,  secondary  hornblende  (or  even,  in 
extreme  cases,  serpentine)  being  the  usual  result.  Chromite  de- 
posits have  been  widely  met,  doubtless  a  result  of  the  change  to 
serpentine. 

The  nickel-mine  is  associated  with  one  of  the  smallest  of  these 
exposures  of  basic  rock,  which  is  also  the  most  remote  northwestern 
outlier.  Beyond  it,  in  this  direction,  no  further  exposures  of  this 
kind  are  found;  and  in  those  to  the  south,  apart  from  an  occasional 
appearance  of  "  nickel-bloom  "  in  some  of  the  chromite- mines,  no 
notable  amount  of  this  metal  has  been  met.  About  a  quarter-mile 
southeast  of  the  mine  a  large  and  fresh  dike  of  olivine-diabase 
crosses  the  country  in  a  northeasterly  direction.  It  is,  no  doubt,  of 
Triassic  age,  and  there  is  no  reasonable  ground  for  inference  that  it 
has  any  connection  with  the  ore. 

*  H.  D.  Rogers,  Geology  of  Perm.,  i.,  81.  Persifor  Frazer,  Report  CCC,  Second 
Oeol.  Surv.  Penn.,  p.  25. 

f  G.  H.  Williams,  ''The  Gabbros  and  Associated  Hornblende  Rocks  Occurring 
in  the  Neighborhood  of  Baltimore,  Md."— Bulletin  28,  U.  S.  Geol.  Surv.,  1886. 
"The  Non-Feldspathic  Intrusive  Rocks  of  Maryland  and  the  Course  of  their 
Alteration."— Amer.  Geol,  July,  1890,  p  35. 

X  F.  I).  Chester,  "The  Gabbros  and  Associated  Rocks  in  Delaware."  —  Bull.  59, 
U-  S.  Geol.  Surv.,  1S90.  "The  State-Line  Serpentines." — Ann.  R'p.  Geol.  Surv. 
Penn.  for  1887,  p.  95,  1889. 

\  P.  Frazer,  Rep.  CCC,  Second  Penn  Surv.,  p.  20,  and  in  "Township  Geology" 
on  subsequent  pages  of  same  report. 
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The  ore-body  was  discovered  early.*  Its  presence  seems  to  have 
been  noted  as  far  back  as  1718,  and  was  revealed  by  a  ferruginous 
mineral  spring,  somewhat  charged  with  copper,  which  issued  from 
the  outcrop.  One  of  the  shafts  of  the  present  mine,  called  the 
"Mineral  Spring  Shaft,"  was  located  near  this  spot.  As  in  all 
bodies  of  iron  sulphides,  the  issuing  water  was  heavily  charged 
with  ferruginous  matter,  and  even  in  the  recent  working  this  was 
shown  by  the  thick  deposits  of  bog-ore  in  the  column-pipes.  Just 
as  in  the  later  experience  at  Sudbury,  the  mine  was  originally  opened 
for  copper,  but  proved  an  unsuccessful  enterprise  for  several  com- 
panies. Finally,  at  the  suggestion  of  Captain  Doble,  the  pyrrho- 
tite  was  analyzed  ;  and  in  1852,  or  1853,  the  presence  of  nickel  was 
recognized.  Then,  however,  even  more  than  now,  the  metallurgy  of 
copper  nickel  ores  was  no  simple  problem  ;  so  that,  it  was  not  until 
1862,  in  which  year  the  property  passed  into  the  hands  of  Mr. 
Joseph  Wharton,  that  the  enterprise  became  successful.  In  the 
course  of  time,  the  mine  became  the  chief  nickel  producer  of  its  day. 
Preliminary  smelting  was  done  at  a  works  about  a  mile  from  the 
mine,  and  final  refining  at  Camden,  N.  J.f 

The  dark,  basic  rock,  with  which  the  ore  is  associated,  forms  a  len- 
ticular mass  or  stock,  somewhat  constricted  near  the  eastern  end,  and 
of  outline  as  shown  in  the  accompanying  map  (Fig.  3).  The  identi- 
fied outcrops  make  it  about  1500  feet  on  its  longer  diameter,  which 
is  nearly  east  and  west,  and  500  feet  in  its  greatest  width  from  north 
to  south.  In  a  sketch-map,  given  in  Frazer's  report,  the  outline  is 
run  some  distance  further  east,  as  is  indicated  by  the  broken  line  on 
this  maj),  but,  according  to  Captain  Doble,  this  is  hypothetical.  The 
assured  area  is  limited  in  Fig.  3  by  the  most  easterly  open  cut.  To 
the  west,  the  lens  has  been  traced  by  test-pits  as  far  as  a  little  cross- 
brook,  and  still  further  by  float-specimens,  which,  in  this  unglaciated 
region,  are  fairly  safe  indications  of  the  underlying  rock.  The  lens 
forms  at  the  east  a  slight  eminence,  relatively  to  the  surface  immedi- 
ately adjacent  as  appears  in  Fig.  1. 

The  rock  consists,  most  largely,  of  green  secondary  hornblende, 
and  often  shows  almost  nothing  else  than  this  mineral.     It  is  called 

*  Capt.  Doble,  the  superintendent  of  the  mine,  prepared  for  Dr.  Frazer's  re- 
port an  excellent  historical  sketch,  on  which  the  above  statements  are  based. — Sec- 
ond Penn.  Geol.  Surv.,  CCC,  p.  163. 

t  Mr.  Wharton  presented  to  the  Philadelphia  Academy  of  Science,  in  ^870,some 
notes  on  the  ores,  of  which  a  brief  record  was  made. — See  Proc  Phila.  Acad.,  1870, 
p.  6.     Many  scattered  notes  have  also  been  made  on  the  local  minerals. 
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hornblende  at  the  mine,  and  is  best  described  by  the  word  am  phi b- 
olite  as  a  rock-name.  No  one  familiar  with  the  microscopic  study 
of  rocks,  would  hesitate  a  moment  in  inferring  that  the  green  horn- 
blende had  been  derived  from  some  pre-existing  form  of  pyroxene, 
or  of  brown  hornblende  ;  and  although  the  change  is  very  thorough, 
careful  search  through  a  number  of  slides  finally  brought  to  light 
recognizable  remains  of  orthorhorabic  pyroxene  and  of  olivine,  to 
the  former  of  which  we  are  justified  in  referring  much  of  the  green 
hornblende.  Considerable  biotite  of  a  reddish-brown  color  is  pres- 
ent; and,  in  some  instances,  considerable  plagioclase  appears.  The 
common  accessory  minerals  of  these  basic  rocks  are  not  lacking,  and 
it  is,  therefore,  nothing  unusual   to  note  irregular  bits  of  titanite. 


Fig.  4. 


Sections  at  A  A  and  B  B  (Fig.  3). 

The  amphibolite  shows  a  marked  laminated  or  gneissoid  structure 
at  the  west  end,  but  less  prominently  at  the  east.  The  laminations 
run  parallel  with  the  major  axis  of  the  lens,  and  are  evidently  due 
to  dynamic  metamorphism  and  shearing.  The  segregation  of  the 
hornblende  in  richer  spots  in  these  gneissoid  varieties  yields  a  mottled 
appearance.  The  portion  associated  with  the  ore,  however,  is  quite 
massive.  The  ore  favors  the  eastern  end  of  the  line,  and  disappears,  so 
far  as  the  workings  show,  on  the  west.  Its  general  location  and  dis- 
tribution are  indicated  by  the  shaded  areas  on  the  map  (Fig.  3).  It 
was  found  in  the  outer  portions  of  the  hornblendic  rock,  and,  at  times, 
in  masses  of  very  considerable  amount,  but  always  mixed,  more  or 
less,  with  the  amphibolite.  This  occurrence  is  illustrated  by  the 
view  of  the  open  cut  in  Fig.  2.  The  ore  consisted  of  pyrrhotite  and 
chalcopyrite  in  largest  amount ;  but  pyrite  was  not  lacking.  Crusts 
vol.  xxiv. — 40 
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of  raillerite  were  also  met,  and  often  this  mineral  furnished  a  not 
unimportant  portion  of  the  nickel-contents.  It  is  clearly  secondary, 
however,  in  its  nature,  and  has  been  formed  by  infiltrating  solutions 
derived  from  the  pyrrhotite.  Other  secondary  veins  of  quartz  rami- 
fied at  times  through  the  mass;  and,  as  a  rare  thing,  in  some  of  these 
were  occasionally  found  beautiful  crystals  of  vivianite.  While  the 
amphibolite  at  the  eastern  contacts  was  richly  charged  with  the  kies, 
so  much  so  as  to  have  permitted,  in  at  least  three  places,  mining  by 
quite  large  open  cuts,  the  sulphides  seemed  to  fade  out  gradually  as 
the  contacts  were  left,  and  the  barren  rock  was  finally  encountered. 
Although  some  ore  has  been  found  in  bunches  within  the  lens,  prac- 
tically all  the  productive  ground  lay  near  the  walls  ;  and  along  these, 
especially  on  the  south  side,  the  chief  mining  was  done.  The  depth 
attained  was  about  250  feet;  and,  at  times,  the  workings  were  as 
much  as  30  feet  wide.  The  ore-body  was  nearly  or  quite  vertical. 
As  mined,  it  contained  from  1  to  3  per  cent,  of  nickel,  -J  to  J  as 
much  copper,  and  -^  as  much  cobalt.* 

Thin  sections  of  the  pyrrhotite  and  gangue  reveal  relations  some- 
what as  shown  in  Fig.  5.  The  pyrrhotite  is  irregularly  mingled 
with  the  hornblende,  appearing  in  large  and  small  masses,  filling  the 
interstices  between  crystals  of  hornblende.  Chalcopyrite  is  inti- 
mately associated  with  it.  An  especially  light  yellow  sulphide,  prob- 
ably pyrite,  occurs  in  small  amounts. 

Summing  up  the  geological  relations  at  the  Gap  mine,  it  may  be 
said  that  we  have  a  great  lens  of  amphibolite  or  hornblendic  rock, 
which  yields  evidence  that  it  is  an  altered  gabbro  or  norite  or  peri- 
dotite,  with  an  enrichment  of  kies  along  a  portion  of  its  walls.  The 
amphibolite  is  an  old  basic,  igneous  intrusion,  and  has  suffered  some- 
squeezing  or  dynamic  metamorphism,  which  has  developed  a  gneis- 
soid  structure  in  portions. 

*  Vogt  gives  for  the  general  ratios  (not  percentages)  of  Norwegian  ores,  5  to  10 
of  nickel  to  1  of  cobalt;  1  of  nickel  to  0.3  to  0.7  of  copper  ("  Nikkeliorekomster 
og  Nikkelprodnktion"). — Norwegian  Geol.  Surv.,  1892,  p.  69.  D.  H.  Browne  states 
as  the  average  percentage  of  a  month's  work  at  the  following  Sudbury  mines  :  Cop- 
per Cliff,  Cu  4.31,  Ni  5.57  ;  Evans,  Cu  1.43,  Ni  3.74;  Stobie,  Cu  1.92,  Ni  2.36  ;  ra- 
tios not  very  different  from  the  Norwegian  {Enrj.  and  Min.  Jour.,  September  16, 
1893;  December  2, 1893).  Mr.  A.  Blue  estimated  the  total  Sudbury  output  for 
1892  as,  in  the  mattes,  Ni  2082  tons;  Cu  1936  tons;  Co  8.5  tons;  which  numbers 
give  other  ratios.  The  speiss  from  the  ores  in  southeast  Missouri  has  yielded,  for  a 
year's  run,  Ni  15  per  cent.,  Co  12  per  cent,  which  affords  a  very  high  ratio  for  co- 
balt. Some  17  tons  of  Nevada  matte  from  the  Lovelocks  mines,  yielded,  Ni  36  per 
cent.,  Co  34  percent.,  a  ratio  for  Co  even  higher  than  Missouri's. 
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With  regard  to  the  probable  method  of  origin,  two  contrasted 
views  would  be  at  once  developed  among  observers.  The  earlier  and 
probably  most  generally  accepted  one  would  be,  that  the  ore  has 
been  deposited  by  solutions  which  have  risen  from  depths  along  the 
contact,  or  have  leached  the  igneous  rock  itself,  and  have  deposited 
the  ore,  impregnating  and  replacing  with  the  sulphides  the  horn- 
blendic  rock.  The  subject  of  origin  is  not  discussed  by  Frazer, 
nor  has  it  been  directly  referred  to  by  others  as  a  result  of  per- 
sonal observation,  so  far  as  is  apparent  from  the  context.  Emmons, 
in  his  valuable  and  suggestive  paper  on  the  "  Geological  Distribu- 
tion of  the  Useful  Metals  in  the  United  States"  (Trans.,  xxii., 
70)  favors  this  view  of  origin  by  solution  and  secondary  con- 
centration in  water-ways.     Posepny,  in  his  masterly  essay  on  the 

Fig.  5. 


MICRO-DRAWING   OF   ORE. 
ACTUAL   FIELD  Xs  INCH    (1.5  MM.) 
Hb,  horublende.  Pyr,  Pyrrhotite. 

"Genesis  of  Ore  Deposits"  (Trans.,  xxiii.,  330),  referring  tc  this 
mine  and  to  Sudbury,  describes  the  igneous  view  of  origin  as  a 
"chemical  impossibility"  —  an  unwarranted  statement;  for  all 
familiar  with  the  petrography  of  the  gabbro  family  of  rocks  have 
noted  pyrrhotite  as  one  of  the  commonest  of  the  early  crystalli- 
zations from  the  magma.  The  quantity  of  the  ore  in  the  mines  is 
merely  a  matter  of  unusual  development  in  the  amount  of  an  origi- 
nal rock-making  mineral,  the  relations  of  which  have  been  well 
established.  Posepny  supports  the  view  of  deposition  by  uprising 
solutions.     \V,  O.  Crosby  favors  a  similar  deposition  along  a  crushed 


*  "Classification  of  Economic  Geological  Deposits  Based  on  Origin  and  Original 
Structure,"  Amer.  GeoL,  April,  1894,  p.  259. 
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It  is  undeniable  that  the  special  abundance  of  the  ores  near  the 
contacts,  and  their  general  decrease  as  these  are  left,  give  much  sup- 
port to  this  view;  and  the  analogy  with  "contact-deposits,"  an  old 
aud  familiar  type,  is  strong.  There  have  been  also  certainly  some 
secondary  ("pneumatolitic"*  of  the  late  European  literature)  cir- 
culations, which  have  deposited  veinlets  of  quartz  containing  in- 
cluded pyrrhotite  and  pyrite,  and  which  brought  about  the  formation 
of  the  coatings  of  millerite.  But  it  is  at  least  surprising  if  there 
have  been  such  extended  circulations  as  have  deposited  these  great 
masses  of  sulphides,  and  have  caused  them  to  penetrate  the  amphib- 
olite  in  minable  richness  as  much  as  30  feet  from  the  contact,  that 
the  amphibolite  on  the  one  wall,  and  the  mica  schist  on  the 
other,  do  not  exhibit  the  effects  of  corrosion  and  destruction  of  their 
freshness.  On  the  contrary,  the  amphibolite  is  not  in  any  degree  a 
rotten  rock,  such  as  we  so  often  see  alongside  of  veins  or  contact- 
deposits,  and  such  as  is  so  difficult  to  determine  as  regards  lithology, 
while  the  mica  schist  is  sharp  and  fresh  and  devoid  of  ore.  This 
could  only  be  explained  by  strong  metamorphism  after  ore-deposi- 
tion. Again,  if  the  ore  has  been  derived  from  solutions  along  a 
crushed  zone,  it  is  remarkable  that  the  amphibolite  is  most  massive 
near  the  mines,  while  at  the  western  end  of  the  lens,  where  the 
gneissoid  (i.e.,  most  sheared)  varieties  occur,  the  ore  fails. 

The  explanation  of  origin  by  magmatic  segregation  of  sulphides 
views  the  original  igneous  magma  as  a  vast  molten  mass,  quite  anal- 
ogous in  its  reactions  to  those  of  a  furnace  smelting  for  mattes.  The 
association  of  nickel  and  cobalt  with  basic  igneous  rocks  which  are 
rich  in  iron  (for  instance,  meteorites,  the  Ovifak  basalt,  peridotites, 
gabbros,  etc.),  proves  them  to  be  especially  at  home  in  such  magmas 
and  to  be  characteristic  of  their  metallic  minerals,  whether  native  or 
sulphides,  and  of  their  silicates.  That  pyrrhotite  crystallizes  in 
small  amounts  from  such  magmas,  and  appears  as  one  of  the  constit- 
uent minerals  of  the  earliest  generation  (the  ''  ores  "  as  petrographers 
call  them),  together  with  magnetite  and  ilmenite,  is,  as  stated  above, 
one  of  the  commonest  facts  observed  in  the  microscopic  study  of  the 
gabbros. f    The  presence  of  sulphur  in  the  magma  is  thus  of  wide  oc- 

*  By  pneumatolitic  is  meant  the  deposits  from  solutions  or  vapors,  especially 
such  as  attend  the  cooling  of  an  igneous  intrusion.  The  older  term,  "ftimarole" 
deposits,  indicates  much  the  same  thing. 

f  While  this  paper  was  in  press  Vogt's  latest  contribution,  "  Beitriige  zur  gene- 
tischen  Classification  der  durch  maginatische  DifFerentiationsprocesse  entstandenen 
Erzvorkommen,"  appeared  in  the  Zeitschrift  fiir  prakt.  Geologic  October,  1894,  p. 
381. 
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currence;  and  given  a  magma  rich  enough  in  sulphur,  copper,  iron, 
and  nickel,  there  is  no  "chemical  impossibility"  in  the  formation  of 
metallic  sulphides,  even  in  considerable  amount.  Undoubtedly,  as 
Vogt  says,  the  affinities  would  determine,  according  to  Fournet's 
series,*  the  precedence  of  formation,  the  chalcopyrite  beginning  thus 
before  the  pyrrhotite.  While  there  is  no  special  difficulty,  chemical 
or  otherwise,  in  understanding  the  formation  of  the  sulphides  in 
this  way,  it  is  less  easy  to  understand  how  they  became  concentrated 
near  the  outer  edge  of  the  flows.  It  is  to  be  borne  in  mind  that 
neither  at  the  Gap  mine  nor  in  the  entirely  analogous  deposits  at 
Sudbury  are  they  outside  of  the  igneous  intrusion,  but  that  they 
tend  to  enrich  it  toward  the  walls,  and  that  with  it  they  cease. 
That  even  narrow  intrusions  vary  chemically  from  the  walls  inward, 
has  been  known  for  some  years.  Thus,  A.  F.  Lawson  showed, 
in  1889,  that  the  outer  portion  of  a  large  dike  in  the  Rainy  Lake 
region"!"  was  much  more  basic  toward  the  contacts  with  its  walls 
than  in  the  center;  and  many  observers  have  noted  similar  rela- 
tions in  larger  intrusions,  especially  of  gabbros.  From  such  ob- 
servations, and  from  endeavors  to  account  for  the  facts,  many  stu- 
dents of  rocks  have  placed  great  confidence  in  the  so-called  Soret's 
principle,  which  has  been  applied  by  Vogt  to  these  niekel-ore 
deposits.  According  to  Soret's  principle,  in  a  solution,  different 
portions  of  which  are  at  different  temperatures,  the  dissolved  matter 
tends  to  concentrate  in  the  parts  of  relatively  lower  temperature, 
and,  in  the  end,  the  degrees  of  concentration  of  the  solution  are 
inversely  as  the  absolute  temperatures.  To-day,  fused  roek-magmas 
are  universally  regarded  as  complex  solutions,  which  do  not,  by 
reason  of  their  high  temperature,  fail  to  obey  the  laws  of  solu- 
tions. As  they  cool,  various  minerals  pass  the  stage  at  which  they 
can  stay  dissolved,  and  therefore  crystallize  out  in  succession.  The 
earliest  are  the  metallic  oxides,  sulphides,  and  a  few  others,  while 
afterwards  follow  the  bisilicates,  etc.  In  a  gabbro  magma  the  pyr- 
rhotite would  be  one  of  the  earliest,  and  would  therefore  tend,  ac- 
cording to  Soret's  principle,  to  concentrate  toward  the  walls,  which, 
in  an  intrusion,  would  be  the  portions  first  cooled.  If  such  a  ten- 
dency existed  in  the  gabbroic  magmas  under  consideration,  it  would 
certainly  operate  to  bring  about  the  condition  of  things  that  we  see 

*  Fournet's  series  is  copper,  nickel,  cobalt,  iron,  tin,  zinc,  lead,  silver,  antimony, 
and  arsenic.     It  ranges  the  metals  in  the  order  of  their  affinities  for  sulphur. 

f  A.  F.  Lawson  and  F.  T.  Shalt,  "Petrographical  Differentiation  of  Certain 
Dikes  of  the  Rainy  Lake  Region,"  Proc.  Amer.  Assoc.  Adv.  Sci.,  1889,  246. 
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to-day,  although  the  viscosity  of  such  a  fused  mass  would  appear  at 
first  sight  to  be  a  bar  to  the  free  transference  of  material.  It  is  fair 
to  say,  however,  that  the  excessive  distances  to  which  in  many  in- 
stances narrow  dikes  of  basic  igneous  rock  have  penetrated  from  their 
parent  mass,  indicate  that  they  are  practically,  as  fluid  as  water,  and 
larger  intrusions  undoubtedly  have  the  same  property.  But  the  ob- 
jection is  not  without  weight,  and  may  be  given  for  what  it  is  worth. 
While  not  assured  that  Soret's  principle  accounts  for  the  concentration 
of  the  ores,  yet,  after  studying  the  relations  at  the  Gap  mine  and  at 
Sudbury,  I  cannot  understand  how  the  isolated  masses  of  sulphides 
could  reach  their  present  resting-places  in  dense  dioritic  rock  and  be 
distributed  through  it,  as  we  see  them,  unless  they  crystallized  out 
as  a  part  of  the  igneous  magma,  and  at  the  same  time  with  it.  They 
certainly  form  an  integral  part  of  the  rock,  and  are  well  within  its 
borders  in  numberless  cases.  The  diorite,  in  some  of  the  great  open 
cuts  at  Sudbury,  shows  no  signs  of  disturbance,  but  the  ores  are  dis- 
tributed through  it  precisely  as  are  the  olivine  grains  in  black  ba- 
salts. It  is  significant  that  those  who  have  studied  the  district,  Bell,* 
Barlow, f  v.  Foullon,|  Browne,§  Adams||  all  unite  in  support  of 
this  view.  E.  R.  Bush^[  is  rather  doubtful  about  it,  and  leans  to- 
ward aqueous  deposition.  The  paper  by  J.  Gamier  practically  en- 
dorses the  views  of  the  Canadian  geologists.**  The  prejudice  against 
an  igneous  form  of  origin  for  any  ores  is  an  old  and  widespread  one, 
but  in  the  minds  of  many  observers  it  is  being  gradually  broken 
down.     Titaniferous  magnetites  were  first  admitted  to  this  category, 

*  Robert  Bell,  "The  Nickel  and  Copper  Deposits  of  Sudbury,  District,  Canada," 
Bull.  Gcol.  Soe.  Amer ,  1891,  ii.,  125-140;  especially  135.  Oesterr.  Zeitschr.f.  Berg. 
v.  Hint.,  1892,  No.  17. 

f  A.  E.  Barlow,  Ottawa  Naturalist,  June,  1S91;  Ann.  Rep.  Div.  Min.  Stat  Geol. 
Sure,  of  Can.,  1889-90,  128. 

+  II.  B.  v.  Foullon,  "  Ueber  Einige  Nickelerzvorkommen,"  Jahrb.  d.  k.  k.  Geol. 
Beiehsanstalt,  xlii.,  1892,  pp.  276-302;  especially  281. 

\  D.  H.  Browne,  "The  Composition  of  Nickeliferous  Pyrrhotite,"  Eng.  and  Min. 
Jour.,  December  2,  1893,  p.  565 ;  especially  p.  566.  See  also  September  16, 
1893. 

||  F.  D.  Adams,  "On  the  Igneous  Origin  of  Certain  Ore-Deposits,"  Proc.  Gen- 
Mining  Assoc.  Prov.  of  Quebec,  January  12,  1894.  Dr.  Adams  writes  from  personal 
observation,  although  this  docs  not  appear  from  the  context. 

fl  E.  Benshaw  Bush,  "  The  Sudbury  Nickel  Region,"  Eng.  and  Min.  Jour.,  March 
17,  1894. 

**  J.  Gamier,  "Mines  de  Nickel,  Cuivreet  Platine  du  District  de  Sudbury,  Can- 
ada,'' Memoires  de  la  Socitte  des  Ingenieurs  Civils,  Paris,  March,  1891.  The  writer 
is  indebted  to  Dr.  Raymond  for  the  loan  of  this  work,  which  was  not  otherwise 
accessible. 
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and   nickeliferous  sulphides  are  rapidly  obtaining  the  same  general 
recognition. 

The  Philips  Mine,  near  Peekskill,  N.  Y. 
The  pyrrhotite  lens  on  Anthony's  Nose,  near  Peekskill,  is  quite 
different  in  its  geological  relations  from  the  ore-body  just  referred  to. 
It  is  situated  on  the  northern  side  of  the  mountain,  some  700  feet 
above  tide,  and  about  3  miles  from  Highlands  station,  on  the  New 
York  Central  and  Hudson  River  railroad,  47  miles  from  New  York. 
Anthony's  Nose  is  the  southern  peak  of  the  Archean  Highlands,  on 
the  east  bank  of  the  Hudson.  The  general  geology  consists  of  the 
usual  gneisses  of  these  old  formations.  The  general  strike  is  north- 
east and  the  character  massive.  Several  well-known  iron-mines  lie 
about  20  miles  northeast  (Mahopac,  Croton,  Tilly  Foster).  The  ore- 
body  was  opened  shortly  after  the  war,  and  was  known  as  the  Philips 
mine.  H.  Credner,  in  the  Berg.  u.  Hiitt.  Zeitmig  for  1866,  p.  17, 
speaks  of  it  as  a  strong  bed,  opened  some  50  feet  across,  and  afford- 
ing copper  and  nickel.  It  was  operated  for  ten  or  fifteen  years  after 
this,  but  for  sulphur  fumes,  and  not  for  its  metallic  contents,  which 
proved  too  low  for  profit.  My  friend,  Dr.  Arthur  Elliott,  now  of 
the  College  of  Pharmacy,  in  New  York,  who  was  chemist  to  the 

company,  informs  me  that  the  ore  afforded 

Per  cent. 
Sulphur,      ...........     30. 

Copper, 0.5 

Nickel, 0  3 

An  acid-works,  established  on  the  river-bank  to  utilize  the  sul- 
phur, still  remains,  although  Sicilian  sulphur  has  now,  for  some 
years,  been  employed  in  it.  The  fumes  from  the  Philips  ore  were 
especially  prized  on  account  of  their  absolute  freedom  from  arsenic, 
and  a  C.  P.  vitriol  was  made  from  them. 

The  ore  was  attacked,  as  shown  in  Fig.  6,  by  shafts  and  by  a 
tunnel,  which  was  run  in  from  a  point,  perhaps  a  hundred  paces  or 
less  down  the  slope.  The  ore  is  mixed  with  feldspar,  pyroxene, 
hornblende,  quartz,  and  various  minor  minerals,  and  appears  to  be 
lenticular  in  character,  as  the  workings  do  not  extend,  so  far  as  one 
can  see  on  the  surface,  more  than  100  feet  on  the  strike,*  while  they 
are  said  to  be  300  or  400  feet  deep.  The  immediate  wall  rock  is  an 
acidic  gneiss,  of  a  light  color,  consisting  of  quartz  and  plagioclase 
in  largest  amount,  with  a  few  shreds  of  hornblende.  About  100 
yards  west,  at  the  mouth  of  the  tunnel,  a  dark  hornblendic  gneiss 

*  Dr.  Elliott  has  since  informed  me  that,  in  depth,  the  workings  extend  several 
hundred  feet  on  the  strike. 
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is  the  rock,  and  consists  of  large  hornblende  and  plagioclase  crystals. 
It  has  no  immediate  associations  with  the  ore ;  and  while,  as  a  possible 
basic  intrusion  before  the  general  metamorphism  and  development 
of  gneissoid  structure,  it  may  have  been  a  stimulator  of  ore-deposi- 
tion, there  is  only  speculative  ground  for  this  suggestion.  The  de- 
posit appears  to  be  in  all  respects  analogous  to  the  familiar  magnetite 
lenses;  and  it  is  significant  that  in  the  Croton  mines,*  which 
have  always  been  sulphurous,  magnetic  pyrites,  associated  with  py- 
rite,  has  lately  been  met  in  quantity.  The  last  edition  of  Dana's 
Mineralogy  also  gives  several  analyses  ofpyrrhotite  from  Putnam 
county,  without  specifying  the  exact  locality  more  definitely. 


Cross-Section  of  Philips  Mine. 

The  writer's  attention  was  directed  to  these  pyrrhotite  mines 
while  reflecting  on  the  association  of  pyrrhotite  and  gabbro,  and 
recalling  the  existence  of  the  great  area  of  gabbros  and  related  rocks 
that  make  up  the  well-known  Cortlandtt  series  just  south  of  Peeks- 
kill.  The  thought  occurred  that  possibly  they  might  have  associ- 
ated with  them,  or  with  outlying  masses,  some  show  of  nickel  after 
the  analogy  of  the  Gap  mines  and  Sudbury.  The  well-known 
Philips  mine  seemed  a  possible  case,  being  only  a  few  miles  distant, 
but,  as  already  observed,  on  investigation  no  such  associations  ap- 
peared; in  fact,  others  totally  in  contrast  were  found.  The  Cort- 
landt  series  also  appears  across  the  Hudson,  at  Stony  Point,  and  in 
some  minor  outliers  further  west.J  As  is  known  to  those  familiar 
with  the  mining  of  the  region,  nickel  prospects  have  been  opened 
up  in  this  vicinity,  and  again  the  surmise  was  made  that  these  might 

*  W.  H.  Hoffman,  "  The  Late  Discovery  of  Large  Quantities  of  Magnetic  and 
Non-Magnetic  Pyrites  in  the  Croton  Magnetic  Iron-Mines,"  Trans.,  xxi.,  513. 

f  H.  Credner,  Zeitxchr.  d.  d.  geol.  Oesellsehafi,  xvii.,  390,  1865.  J.  D.  Dana,  Amer. 
Jour.  ScL,  September,  1880,  p.  194.  G.  H.  Williams,  Idem.,  January,  1886,  p.  26, 
and  several  subsequent  papers. 

X  J.  F.  Kemp,  Amer.  Jour.  ScL,  October,  1888,  247. 
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prove  to  be  of  the  Gap  type.  A  trip  thither  showed,  however,  that 
they  are  precisely  like  the  Philips  mine,  but  leaner  and  of  less  moment. 
A  strip  of  gneiss,  perhaps  25  feet  wide,  has  more  or  less  pyrrhotite  dis- 
seminated through  it,  forming  a  fahlband.  It  has  been  opened  up 
about  100  feet  on  the  strike  and  15  feet  in  depth.  Some  minor  open- 
ings are  also  to  be  seen  in  the  vicinity.  These  old  workings  are  just 
north  of  St.  John's  Episcopal  Church  and  school,  and  in  the  gneiss 
of  the  Highlands,  about  8  miles  west  from  Haverstraw.*  Addi- 
tional small  prospects  were  blasted  out  under  Dr.  Elliott's  direction, 
just  west  of  Fort  Montgomery — but  they  all  proved  too  lean.  They 
and  the  others  indicate  a  belt  of  pyritous  gneiss  extending  from  the 
New  Jersey  line  across  Rockland  and  Putnam  counties. 

Openings  for  nickel  in  gneiss  have  also  been  made  at  Litchfield, 
Conn.;  at  Dracut,  near  Lowell,  Mass.;  and  perhaps  at  other  points. 
The  geological  relations,  as  indicated  by  hand-specimens,  seem  to  be 
practically  the  same  as  those  along  the  Hudson.  A  recent  paper  by 
Dr.  F.  D.  Adams,  in  the  Annual  Report  of  the  Geological  Survey  of 
Canada,  vol.  vi.,  p.  3  J,  on  the  "Geology  of  a  Portion  of  Central 
Ontario,  Situated  in  Victoria,  Peterborough,  and  Hastings  Counties," 
cites  the  same  form  of  ore-body  in  that  region,  viz.,  lean  fahlbands  of 
low-grade  nickeliferous  pyrrhotite  in  gneiss.  Vogt  mentions  precisely 
similar  cases  in  Norway  and  Sweden,  where  the  name  "  fahlband  " 
was  first  applied,  and  where,  as  he  says,  many  hundreds  of  analyses 
show  percentages  of  only  0.1  to  0.5  per  cent,  of  nickel  and  cobalt,  f 
and  usually  not  over  0.25  per  cent.  This  repeated  and  always  iden- 
tical experience  in  these  various  parts  of  the  world  gives  good  ground 
for  believing  that  intrusions  of  basic  igneous  rock  are  the  only  geo- 
logical associations  thus  far  occurring  with  profitable  deposits  of 
nickeliferous  pyrrhotite,  and  that  light-colored,  acidic  gneisses  are 
to  be  regarded  as  distinctly  unfavorable  walls,  even  though  the 
amount  of  pyrrhotite  may  be  large.J 

In  conclusion,  it  may  be  added  that,  whether  we  agree  with  Prof. 
Vogt  in  his  views  of  igneous  origin  or  not,  all  will  freely  acknowl- 
edge the  obligation  he  has  laid  upon  the  scientific  world  by  his  valu- 
able and  suggestive  contributions. 

*  Acknowledgments  for  assistance  in  reaching  these  mines  are  due  to  Mr.  Wil- 
liam A.  Speck,  of  Haverstraw,  whose  acquaintance  with  the  mineralogy  of  this 
region  is  very  thorough,  and  was  of  great  aid. 

t  Vogt  as  earlier  cited,  Zeitschr.f.  Praktische  Oeologie,  April,  1893,  130-131. 

X  The  general  bibliography  regarding  the  igueous  origin  of  ores,  of  nickel  in 
particular,  and  of  American  localities,  will  be  found  in  full  in  the  writer's  Ore- 
Deposits  of  the  United  Slates,  2d  edition,  1894,  not  being  reproduced  here  because 
hardly  germane  to  the  subject. 
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(Bridgeport  Meeting,  October, 

Introductory. — The  following  paper  is  based  upon  a  report  on  the  lead-  and  zinc- 
deposits  of  Missouri,  prepared  for  the  State  Geological  Survey,  which  is  now  being 
printed.  This  report  13  the  outcome  of  work  prosecuted  by  the  writer,  assisted  by 
Mr.  J.  D.  Robertson,  during  the  past  five  years.  The  studies  in  the  State  were 
supplemented  by  examinations  of  the  similar  ore  deposits  in  Wisconsin  and  Arkan- 
sas. The  report  will  contain  in  all  about  S00  pages,  and  the  aim  has  been  to  make 
it  complete  and  exhaustive,  especially  in  descriptive  matter.  Naturally,  only  a 
brief  outline  can  be  presented  here,  and  the  reader  is  referred  to  the  report  itself 
for  further  details. 
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All  of  the  lead-  and  zinc-mining  of  Missouri  is  in  the  southern 
half  of  the  State,  no  workable  deposits  having  been  discovered  north 
of  the  Missouri  river. 
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Three  raining  districts  are  recognized,  known  respectively  as  the 
southwestern,   the  southeastern  and  the  central.     The  outlines  of 
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these  districts  are  defined  on  the  map,  Fig.  1,  as  are  also  the  prin- 
cipal camps  within  each  district.  These  limits  include  almost  all  of 
the  mines.  As  can  be  seen  on  the  map,  they  are  separated  by  inter- 
vals. Many  of  the  deposits  in  different  districts  are  similar,  yet  the 
principal  ones  are  dissimilar,  and  their  distinctive  features  consti- 
tute a  reason,  other  than  that  of  geographical  location,  for  their  sepa- 
ration into  districts. 

I. — History  and  Statistics. 

The  first  lead-mining  in  the  Mississippi  valley  was  in  Missouri. 
The  first  recorded  discovery  of  lead  was  made  by  Penicaut,  a  mem- 
ber of  Lesueur's  expedition,  about  the  year  1700.  According  to  one 
account,  Mine  La  Motte  was  discovered  about  1715,  but  this  is 
doubtful.  The  first  actual  digging  of  the  ore  appears  to  have  been 
done  by  Sieur  du  Lochon  in  1719,  on  the  Meramec  river. 

Lead-mining  appears  to  have  actually  begun  at  Mine  La  Motte 
about  1720.  From  that  time  on,  operations  have  been  practically 
continuous  in  the  southeastern  district,  though  subject  to  fluctuations 
and  lulls,  up  to  the  present  time.  The  most  productive  period  has 
been  the  last  thirty  years,  and  the  output  has  increased  steadily  up 
to  the  present. 

In  the  southwestern  district,  lead-mining  hardly  began  before  the 
year  1850,  and  work  was  more  or  less  desultory  up  to  1870.  Since 
then  the  growth  has  been  rapid  and  great. 

The  utilization  of  zinc-ores  began  in  Missouri  as  late  as  1869,  but 
expanded  very  rapidly.  The  ores  had  been  mined  previous  to  this, 
but  were  left  on  the  dumps.  This  utilization  of  the  abundant  zinc- 
ores  was  one  of  the  principal  causes  of  the  great  growth  of  mining 
in  the  southwest  after  1870.  Since  that  time,  nearly  94  per  cent, 
of  the  zinc-ores  of  the  State  has  come  from  the  southwest,  while  66 
per  cent,  of  the  lead-ore  has  come  from  the  southeastern  district. 

The  central  district  is  comparatively  unimportant.  Most  of  the 
mining  there  was  during  the  seventies,  though  small  amounts  were 
produced  over  fifty  years  ago. 

The  growth  of  production  in  the  State  from  the  beginning  to  the 
present  time  is  shown  in  the  following  table  :* 

*  The  figures  of  lead-ore  productions  of  these  tables  are  based  in  part  upon  re- 
turns (if  ore  outputs  and  in  part  upon  yields  of  metallic  lead.  They  have  all  been 
reduced  to  ores  by  calculation,  the  assumed  percentages  varying  from  50  to  70  per 
cent.,  according  to  the  period.     The  zinc-ore  returns  were  all  in  tons  of  ore. 
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Table  I. 

Total  Production  of  Lead-  and  Zinc- Ores  in  Missouri  by  Periods. 


Period. 

Lead-Ore. 

Zinc-Ore. 

1720-1799 

Tons. 

36,000 

42,200 

30,800 

112,900 

73,100 

45,100 

229,500 

530,200 

Tons. 

1800-1819 

1820-1829 

1830-1849 

1850-1859 

200 

156,400 

1,058,700 

1860-1869 

187C-1879 

1880-1893 

1,099,800 

1,215,300 

Total  values  of  ores 

$48,738,000 
73,881,000 

$22,614,000 
49,823,000 

The  distribution  of  production  to  date  is  as  follows: 

Table  II. 

Total  Production  of  Lead-  and  Zinc- Ores  in  Missouri  by  Counties, 
from  the  Beginning  of  Mining  to  the  end  of  1 893. 


The  totals  of  production  during  recent  }rears  for  the  whole  State, 
as  compiled  by  the  State  Mine  Inspectors,  are : 
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Table  III. — Annual  Productions  of  Lead-  and  Zinc-Ores,  Years 
Ending  June  30,  1890  to  1893. 

Lead-Ore.  Zinc-Ore. 
Tons.  Tons. 

1890, 42,100  100,200 

1891, 45,450  123,800 

1892, 49,600  131,500 

1893, 40,300  108,600 

The  productivity  of  individual  ore-deposits  is,  of  course,  very 
variable.  There  are,  undoubtedly,  many  very  small  deposits  of 
small  yields,  and  there  is  much  low-grade  ore.  On  the  other  hand, 
there  are  also  many  large  deposits  and  much  high-grade  ore,  and 
some  deposits  have  proved  enormous,  and  have  yielded  splendidly. 

In  illustration  of  the  last  statements,  in  the  southeast,  Mine  La 
Motte,  which  has  been  worked  over  170  years,  has  produced  lead  to 
the  value  of  about  $10,000,000;  the  St.  Joe  mine,  which  has  been 
worked  for  only  thirty  years,  has  produced  lead  to  the  value  of 
nearly  $14,000,000.  The  Valle  mines,  which  have  been  operated 
about  seventy  years,  have  produced  $2,000,000  worth  of  lead  and 
over  $800,000  worth  of  zinc-ores;  but  this  was  from  a  number  of 
openings. 

In  the  southwestern  district,  the  productions  of  individual  mines 
have  not  been  so  great,  and  the  work  is  more  scattered,  yet  very 
large  and  rich  deposits  have  been  found.  The  following  figures 
illustrate  the  magnitude  of  the  output  by  camps: 

Lead-ore.  Zinc-ore. 

Tons.  Tons. 
Production  of  Joplin  Camp  for  1890  to  1892, 

inclusive, .     12,000  67,000 

Production  of  Webb  City-Carterville,  1890  to 

1892,  inclusive 12,000  154,000 

Production  of  Aurora,  1886  to  1893,  inclusive,     26,000  84,000 

As  instances  of  the  yields  of  individual  tracts,  the  Hatton  lot  of 
about  1  acre  (200  feet  square),  on  the  land  of  the  Center  Creek  Com- 
pany, of  Webb  City,  produced  over  $300,000  worth  of  lead-  and 
zinc-ore.  Half  of  lots  Nos.  1  and  2  of  the  Victor  Mining  Com- 
pany produced  $275,000  worth  of  zinc-ore.  The  Paxton  land  in 
Joplin,  covering  several  lots,  produced  from  1877  to  1893,  inclu- 
sive, $630,000  worth  of  ore,  mainly  lead. 

These  are,  of  course,  among  the  largest  yields,  but  there  are  many 
others  that  approximate  them;  and  a  large  number  of  properties 
that  have  yielded  at  the  rate  of  $100,000  per  acre. 
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II. — Topography  of  the  Region. 

Within  the  borders  of  the  three  districts  defined  are  included  the 
three  types  of  topography  recognized  in  the  State.  These  we  desig- 
nate as:  (1)  the  prairie  country;  (2)  the  plateau  country;  (3)  the 
highland  country.  Each  of  these  types  has  features  which  are  rep- 
resented in  the  others,  and  each  has  features  which  distinguish  it. 
The  combination  of  these  has  resulted  in  the  production  of  regions 
of  entirely  different  aspects. 

The  prairie  country  is  represented  principally  in  the  southwestern 
and  central  mining  districts;  in  the  western  and  northern  halves  of 
the  former,  and  in  the  northern  half  of  the  latter.  Here  the  country 
assumes  the  character  of  a  broad  undulating  plain,  with  a  sparse 
growth  or  entire  absence  of  timber  over  wide  stretches.  Adjacent 
to  the  larger  streams  it  loses  its  characteristic  features  to  a  certain 
extent. 

The  plateau  country  occupies  principally  the  southeastern  portion 
of  the  southwestern  district  and  the  southern  half  of  the  central 
district;  it  may  also  be  recognized,  though  not  in  so  pronounced  a 
form,  over  portions  of  the  southeastern  district.  It  differs  from  the 
prairie  country  chiefly  in  the  greater  relative  altitudes  and  in  the 
more  vigorous  sculpturing.  The  valleys  are  deeper  and  the  slopes 
more  abrupt,  while  between  the  depressions  are  comparatively  flat 
plateaus  and  ridges. 

The  highland  country  belongs  exclusively  to  the  southeastern  dis- 
trict, and  is  represented  by  the  St.  Francois  mountains.  It  consists 
essentially  of  a  series  of  knobs  or  domes  of  Archean  rocks,  irregu- 
larly distributed  and  covering  a  comparatively  small  area.  It  is 
distinguishable  from  the  preceding  types  in  the  form,  structure,  and 
age  of  the  features  of  relief. 

III. — General  Geology. 

The  formations  of  the  three  mining  districts  are  the  Archean,  the 
Algonkian,  the  Silurian  (with  possibly  some  Cambrian),  the  Devo- 
nian, the  Lower  Carboniferous,  and  the  Coal-Measures;  above  these, 
in  places,  are  certain  unconsolidated  beds  of  probable  Tertiary  age. 
The  distribution  of  the  consolidated  rocks  is  shown  on  the  map, 
Fig.  1. 

The  Archean. — The  Archean  rocks  are  confined  entirely  to  the 
southeastern  district.  They  consist  principally  of  the  acidic  erup- 
tives,  granites,  and  porphyries.    The  exposed  areas  are  clearly  shown 
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on  the  map.  They  occur  in  hills  of  the  St.  Francois  mountains,  sur- 
rounded by  Silurian  rocks  in  the  valleys. 

The  Algonkian. — The  Algonkian  rocks  are  confined  essentially  to 
a  limited  patch  at  the  top  of  Pilot  Knob  in  the  St.  Francois  moun- 
tains. This  is  a  remnant  of  a  former  extensive  mass.  It  includes 
the  well-known  bed  of  specular  iron-ore. 

The  Silurian. — The  Silurian  rocks,  which  belong  almost  entirely 
to  the  Ozark  stage  of  the  Lower  Silurian,  surround  the  Archean  out- 
crops, filling  depressions  in  the  old  eroded  surfaces  of  the  latter  for- 
mation. They  are  represented  in  each  of  the  three  mining  districts, 
and  occupy  the  surface  over  the  largest  portion  of  the  southeastern 
district,  and  over  almost  the  entire  central  district.  In  these  last 
two  areas  they  contain  all  of  the  important  lead-  and  zinc-deposits. 
Their  aggregate  thickness  is  probably  not  far  short  of  2000  feet. 
A  provisional  classification  of  this  stage  of  rocks  is  given  in  the  fol- 
lowing table : 

The  Ozark  Stage  in  Missouri. 


Southwestern  District. 

Southeastern  District. 

Central  District. 

"White  River  Limestone, 
including  several  beds 
of  sandstone. 

Joachim  Limestone. 

Crystal  City  Sandstone. 

Roubidoux  or  Saccharoidal 
Sandstone. 
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Jefferson  City 
Limestone. 

St.  Joseph 
Limestone. 

Morean  Sandstone. 

Osage  Limestone. 

La  Motte  Sandstone. 

Cole  Camp 
Limestone. 

T             A/T 

( 

Conglomerate. 

Proctor  Limestone. 

By  far  the  greater  portion  of  the  Silurian  rocks  are  magnesian 
limestones;  next  in  quantity  are  the  sandstones  and  cherts;  and  last 
are  the  shales  and  conglomerates. 

The  Devonian. — The  Devonian  is  very  sparsely  represented  in 
southern  Missouri,  and  is  often  entirely  absent  in  the  mining  dis- 
tricts between  the  Lower  Silurian  and  Carboniferous  rocks.  Its 
absence  is  evidence  of  a  long  erosion-period  and  consequent  uncon- 
formity. 
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The  Lower  Carboniferous. — The  Lower  Carboniferous  or  Missis- 
sippian  series  of  rocks  is  found  in  connection  with  the  ore-deposits 
only  in  the  southwestern  district.  Here,  almost  all  the  important 
ore-bodies  are  in  that  formation.  It  rests  unconformably  upon  the 
magnesian  limestones  of  Silurian  age.  Owing  partly  to  a  westward 
dip,  but  also  to  a  deepening  of  the  basin,  the  maximum  thickness, 
of  perhaps  500  feet,  is  in  the  western  portion  of  Jasper  county,  while 
along  the  eastern  margin  the  lowermost  beds  are  exposed.  The  most 
abundant  rocks  are  the  Burlington  limestones,  but  the  underlying 
Kinderhook  and  the  overlying  Keokuk  strata  are  also  represented. 

The  rocks  of  this  series  are  limestones,  cherts,  shales,  and  sand- 
stones. The  limestones  are  by  far  the  most  abundant,  and  are  gen- 
erally white  or  gray,  coarsely  crystalline  beds,  containing  abundant 
crinoid  stems  and  other  fossils. 

The  Coal- Measures. — The  Coal-Measures,  like  the  Lower  Carbo- 
niferous, occur  principally  in  the  southwestern  district.  The  south- 
eastern is  destitute  of  these  rocks,  and  in  the  central  district  only  a 
few  patches  or  pockets  of  shale  and  coal  occur.  They  rest  uncon- 
formably upon  the  Lower  Carboniferous. 

In  the  southwest,  the  margin  of  the  Kansas  and  western  Missouri 
coal-field  is  represented  in  Jasper  county.  Beyond  this  main  area, 
however,  in  Jasper  and  Newton  counties,  are  numerous  outliers,  too 
small  to  locate  on  the  map.  These  are  often  of  great  thickness  (fre- 
quently 50  feet  and  more)  when  compared  with  other  dimensions. 
They  are  composed  principally  of  drab  shale,  sometimes  including 
sandstone  and  coal.  They  generally  occupy  what  were  originally 
depressions  or  "pockets"  of  approximately  circular  outline,  which 
were  probably  great  sink-holes,  in  the  Lower  Carboniferous  lime- 
stones. The  beds  are  sometimes  horizontal  and  undisturbed,  and 
sometimes  tilted  or  broken. 

Farther  east,  in  Lawrence,  Greene,  and  Dade  counties  are  other 
patches  of  Coal-Measure  rocks,  consisting  of  conglomerates,  sand- 
stones, and  shales,  and  a  little  coal  in  places.  These  are  of  greater 
size  than  those  of  Jasper  county.  They  occupy  depressions  like  the 
latter,  but  also  spread  out  over  the  surface  and  over  the  underlying 
Lower  Carboniferous.  The  conglomerates  are  composed  of  pebbles 
of  Lower  Carboniferous  chert.  This  and  the  facts  of  their  distri- 
bution prove  the  unconformity  between  the  two  formations.  A  long 
period  of  vigorous  erosion  evidently  intervened. 

The  Tertiary. — The  Tertiary  period  is  probably  represented  by 
certain  deposits  of  gravel  and  clay,  which  are  strewn  over  the  hill- 
vol.  xxiv.— 41 
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tops  in  the  extreme  southwest,  and  which  occur  along  the  Osage  and 
Meramec  rivers,  in  the  central  and  southeastern  districts. 

Structural  Geology. — These  formations,  as  shown  by  the  geological 
map,  Fig.  1,  are  arranged  somewhat  concentrically  around  the 
Archean  of  the  southeast,  from  which  they  have  a  gentle  radial,  un- 
dulating dip.  The  two  cross-sections,  Figs.  2  and  3,  illustrate  the 
structure  in  southeastern  Missouri. 


UPPER  SILURIAN 
DEVONIAN  i 

CARBONIFEROUS 


A  GENERALIZED  SECTION    ACROSS   ST. FRANCOIS   AND  ST.GENEVIEVE   COUNTIES,       ° 
EXPRESSING  THE    RESULTS  OF  RECENT  WORK. 

No  pronounced  system  of  flexures  and  no  great  regional  faults 
are  recognized  in  the  area.  In  the  radial  or  quaquaversal  dips  of 
the  rocks  away  from  the  Archean  center,  we  have  one  great  master- 
flexure.  Subordinate  to  this,  certain  minor  flexures  are  recognized, 
but  they  are  so  gentle  or  so  small  that  they  are  to  be  regarded  as 
mere  undulations   or  wrinkles.      Similarly,  there  are   some  well- 


SECTION    THROUGH    BONNE  TERRE. 
FROM    DOE    RUN    TO    H  ERCU  LAN  EUM . 


marked  faults,  a  larger  number  of  minor  ones,  and  a  great  number 
of  joints  and  crevices  unaccompanied  by  movements.  A  certain 
parallelism  between  the  trends  of  many  of  these  flexures  and  frac- 
tures and  the  sides  of  the  Ozark  dome  is  observable,  and  such  may 
be  included  in  one  class.  Others  are,  however,  at  right  angles  to  the 
central  uplift. 

In  the  southwestern  district,  a  fault  running  N.  30°  W.  is  found 
at  Mansfield,  in  Wright  county,  associated  with  the  ore  deposits. 
The  throw  is  probably  not  over  100  feet.  Along  White  river,  and 
also  in  the  vicinity  of  Springfield,  there  are  a  number  of  faults,  and 
local  flexing  of  the  rock  is  apparent.  About  the  mines  of  Newton 
and  Jasper  counties,  much  local  slipping  and  brecciation  has  taken 
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place.  This  is,  however,  not  clue  to  crustal  movement,  but  rather  to 
surface  decay  of  the  limestone  country-rocks.* 

In  the  southeastern  district,  one  of  the  most  marked  and  well- 
established  faults  traverses  the  Mine  La  Motte  estate,  about  3  miles 
north  of  the  mine.  The  strike  is  N.  E.  to  S.  W.,  and  the  throw 
about  300  feet.  Other  parallel  faults,  of  less  extent,  also  traverse 
this  estate. 

In  southern  Jefferson  county  a  line  of  disturbance  can  be  traced, 
running  southeastward  for  several  miles.  It  consists  of  a  series  of 
breaks,  combined  with  much  flexing.  Probably  the  throw  does  not 
amount  to  very  much. 

In  Franklin  county  faults  are  exhibited  at  a  number  of  the  crevice- 
mines.  The  throws  are  not  demonstrated,  but  they  cannot  be  very 
great.  The  direction  is  nearly  north  and  south,  and  thus  at  right 
angles  to  the  general  uplift. 

Crevices,  following  probably  joint-planes,  are  abundant.  The 
ore-deposits  of  Christian  and  Greene  counties  are  largely  in  such. 
In  Franklin  county  most  of  the  mines  are  along  such  openings.  At 
Bonne  Terre,  Doe  Run,  Mine  La  Motte,  and  other  southeastern 
mines  many  such  crevices  are  found.  In  the  early  days  of  mining 
much  block-mineral  was  taken  from  them,  but  they  are  found  to 
dwindle  and  die  out  with  depth. 

IV. — The  Ore-Deposits. 

The  geographic  distribution  of  the  ore-deposits  is  so  clearly  shown 
on  the  accompanying  map,  Fig.  1 ,  that  little  further  need  be  said. 
Of  special  interest,  however,  is  the  bunching  of  the  deposits  about 
certain  centers  and  their  comparative  absence  elsewhere;  also,  as 
already  indicated,  the  preponderance  of  lead-ore  in  the  southeastern 
and  central  districts,  and  of  zinc-ore  in  the  southwestern. 

Geologic  Distribution. 

In  the  southwest,  almost  all  of  the  deposits  are  in  the  Lower  Car- 
boniferous limestones  and  cherts.     Some  are  in  close  proximity  to 

*  In  a  recent  paper  ("Discussion  of  Lead-  and  Zinc- Deposits  of  the  Mississippi 
Valley,"  Trans.,  vol.  xxii.,  p.  622),  Prof.  William  P.  Blake  adduces  the  juxta* 
position  of  Coal-Measures  and  coal  with  older  rocks,  on  the  Oswego  tract  near  Jop- 
lin,  as  evidence  of  faulting.  That  he  has  been  misled  by  the  deposits  known  as 
coal-pockets,  already  referred  to  and  abundantly  described  in  the  report,  is  plain. 
To  one  not  familiar  with  these  pockets,  which  are  peculiar  to  Missouri,  they  are 
liable  to  be  misleading  in  many  ways. 
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patches  and  pockets  of  Coal -Measure  shales  and  sandstones,  but  no 
considerable  deposits  are  enclosed  in  the  latter  rocks.  A  few  are 
in  magnesian  limestones  of  the  Lower  Silurian  area,  but  these  are 
comparatively  unimportant.  In  the  Lower  Carboniferous  the  de- 
posits apparently  range  from  the  lower  Kinderhook  beds  to  the  Bur- 
lington and  Keokuk,  but  in  Jasper,  Newton  and  Lawrence  counties, 
which  contain  the  most  important,  they  are  confined  to  the  last  two 
sub-stages. 

In  the  southeastern  district  the  deposits  are  in  the  Lower  Silurian 
limestones  (and  Cambrian,  if  such  exist).  The  larger  lead-deposits 
are  in  the  massive  strata  near  the  base,  called  the  St.  Joseph  lime- 
stone. Other  lead-deposits,  and  such  zinc-ores  as  exist,  occur  higher 
in  the  sections,  in  the  cherty  Potosi  limestone.  The  sandstones  are 
noticeably  deficient  in  ore.  The  great  basal  Mine  La  Motte  sand- 
stone marks,  practically,  the  lower  limit  of  the  ore  in  St.  Francois 
county,  though  galena  is  sometimes  found  a  little  below  the  contact. 
At  Mine  La  Motte,  and  at  the  Avon  mines,  a  little  ore  is  obtained 
from  the  sandstone.  Further,  in  Franklin  county,  veins  traverse 
strata  of  sandstone,  but  the  magnesian  limestones  are  there  also  nor- 
mally the  ore-bearing  rocks. 

In  the  central  district  all  of  the  deposits  are  in  the  Lower  Silurian 
limestones,  principally  in  what  we  term  the  Osage  limestone,  but 
also  in  the  Jefferson  City  limestone.  Sometimes  they  are  associated 
with  remnants  of  Lower  Carboniferous  rocks  and  Coal-Measure 
shales. 

The  Forms  of  the  Ore-Bodies. 

Ore-bodies  of  massive,  lenticular,  tabular  and  cylindrical  forms 
exist  in  all  three  districts,  but  certain  forms  especially  characterize 
each  district. 

Thus,  in  the  southwest,  especially  in  Jasper,  Newton  and  Law- 
rence counties,  the  massive  form  prevails.  Here  we  have  great 
bodies  hundreds  of  feet  in  diameter  which,  when  removed,  leave 
cavernous  spaces.  These  may  best  be  called  cavern-deposits.  Some- 
times they  are  covered  ;  sometimes  they  reach  to  the  surface.  De- 
posits of  other  forms  also  occur  in  these  counties,  but  they  are  gen- 
erally only  modifications  of  the  prevailing  types.  Sheets  and  pipes 
sometimes  extend  from  the  main  ore-body  into  surrounding  barren 
ground,  but  these  are  subordinate.  In  Christian  and  Greene  coun- 
ties, tabular  or  sheet-deposits  filling  vertical  crevices,  are  more  com- 
mon, though  the  massive  cavern-deposits  occur  here  also. 
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In  the  southeast  we  have,  as  typical  forms,  the  massive  deposits 
of  Madison  and  St.  Francois  counties.  Here,  however,  instead  of 
being  cavern-fillings,  they  are  impregnations  of  great  masses  of  mag- 
nesian  limestone.  Occasional  tabular  deposits  filling  vertical  crevices 
are  associated  with  them.  In  Jefferson  and  Washington  counties 
we  have,  as  prevailing  types,  tabular  and  lenticular  bodies  in  hori- 
zontal positions,  also  pipe-  and  cylindrical-deposits  and  stockworks 
associated  with  these.  In  Franklin  county  the  tabular  deposits  in 
vertical  crevices  or  veins  are  the  common  forms. 

In  the  central  district  there  are  a  number  of  instances  of  deposits 
of  massive  form,  such  as  that  of  the  High  Point  mine;  tabular  de- 
posits in  vertical  crevices,  however,  are  most  common.  Small  len- 
ticular bodies,  almost  nodular,  and  a  few  pipe-  or  chimney-deposits 
are  encountered. 

The  Composition  of  the  Ore-Bodies. 

These,  like  all  other  ore-deposits,  are  made  up  of  a  mixture  of 
gangue  or  vein-stuff  and  of  minerals,  metalliferous  and  others. 

Among  gangue-materials  we  recognize  the  following:  1,  country- 
rocks,  principally  cherts  and  limestones,  especially  abundant  in  the 
southwestern  deposits ;  2,  clays  of  several  varieties,  found  in  all  three 
districts;  3,  sands  and  shales;  4,  secondary  cherts;  5,  secondary 
limestones;  6,  dolomite;  7,  barite. 

Among  minerals  we  distinguish  metalliferous  and  non-metallifer- 
ous, which  we  will  enumerate  later. 

Gangues. — The  country-rock  occurs  as  a  constituent  of  ore-bodies 
in  two  forms:  1,  in  fragments;  2,  massive.  The  fragmental  form 
characterizes  especially  the  southwestern  district.  Here,  the  ore- 
bodies  are  huge  accumulations  of  breccia.  The  fragments  are  prin- 
cipally chert  derived  from  the  country-rock.  Some  limestone  also 
occurs,  but  it  is  an  unimportant  constituent.  Sometimes,  blocks  of 
Coal-Measure  sandstone,  shale,  and  even  coal,  occur  in  the  breccia,  as 
the  result  of  a  later  secondary  disturbance  and  rearrangement  of 
materials.  The  chert  occurs  in  large  slabs  or  blocks,  as  in  the 
original  rock;  or,  it  may  be  very  much  shattered  and  comminuted. 
The  fragments  are  all  angular  and  not  water-worn.  They  are  some- 
times corroded  and  contain  blende  or  galena  in  the  crevices  or  cavi- 
ties; but  these  minerals  are  never  diffused  through  this  rock. 
Another  class  of  fragments  occurs  in  the  southeastern  district. 
These  are  water-worn  boulders  and  pebbles  of  granite  buried  iu  a 
limestone  matrix  which  carries  galena.     They  are  abundant  at  the 
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Doe  Run  mines.  Country-rock  in  the  massive  form  constitutes  an 
integral  part  of  the  typical  ore-bodies  of  the  southeastern  district. 
Here  the  galena  is  disseminated  through  the  rock.  Similar  condi- 
tions occur  elsewhere  also,  as  in  the  Pierson  Creek  mine  in  Greene 
county,  where  galena  is  diffused  through  a  shale  called  "  gumbo." 

Clays  of  several  varieties  are  found  in  almost  all  of  the  deposits, 
though  they  are  least  abundant  in  the  massive  disseminated  bodies 
of  the  southeast.  The  color  is  generally  red,  but  may  be  yellow, 
brown,  black  and  even  white.  The  clays  are  generally  plastic,  and 
are  mostly  quite  pure,  but  sometimes  loamy  and  sandy.  They  are 
abundant  in  Jasper,  Newton  and  Lawrence  counties,  and  in  the  less 
consolidated  deposits  they  surround  the  fragments  of  the  breccia  and 
have  the  ore  imbedded  in  them.  They  also  occur  in  vertical  crevices 
in  Christian  and  Greene  counties,  and  in  the  flats,  pipes  and  crevices 
of  Washington,  Jefferson,  Crawford  and  other  counties  of  the  south- 
eastern and  central  districts.  Doubtless  they  are,  in  most  cases,  de- 
rived from  surface-decomposition  of  the  country-rocks,  and  have  been 
washed  into  their  present  positions  by  surface-waters.  Their  red 
colors  show  that  oxidation  has  been  active.  Some  of  these  clays, 
however,  are  of  extreme  homogeneity,  and  are  doubtless  chemically 
deposited.  These  are  found  filling  cavities,  often  only  the  lower 
parts,  and  showing  distinct  stratification-marks.  Such  grade  into 
what  is  known  as  tallow-clay,  and  are  thus  frequently  mixtures  of 
silicate  of  alumina  and  iron  and  of  silicate  of  zinc,  possessing  partic- 
ular interest  by  reason  of  their  high  zinc-contents.  They  are  quite 
abundant  in  places,  but  the  variability  in  the  quantity  of  zinc,  and 
the  difficulty  of  separating  the  higher  from  the  lower  grades  have 
prevented  their  utilization. 

Under  sands  and  shales  we  refer  here  to  certain  materials  especi- 
ally found  in  Jasper  county,  and  also  at  Galena,  Kansas.  The  sands 
are  highly  siliceous,  and  apparently  result  from  the  decomposition  of 
cherts  or  quartzites.  Sands  composed  of  grains  or  crystals  of  dolomite 
are  also  found,  but  these  we  will  refer  to  later.  Among  shales  we 
include  earthy  sands  and  plastic  and  non-plastic  clays.  These  are 
sometimes  partly  consolidated.  They  grade  into  sands  on  the  one 
side  and  into  clays  on  the  other.  They  are  very  abundant  in  the 
southwestern  mines,  and,  when  black  and  moist,  are  known  as  black 
mud. 

Secondary  cherts  constitute  extremely  interesting  gangues,  com- 
posed principally  of  amorphous,  chalcedonic  silica.  They  are  con- 
fined almost  exclusively  to  southwestern  Missouri,  and  particularly 
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to  Jasper  county  and  adjacent  parts  of  Newton  county.  In  the  mines 
of  Galena,  Kansas,  they  are  very  abundant.  They  vary  in  color, 
being  black,  brown,  drab,  and  even  white.  In  texture  they  may  be 
glassy  or  granular,  but  they  range  in  hardness,  from  that  of  quartz 
to  the  softness  of  shale.  They  furnish  indubitable  evidence  of  great 
secondary  silicification.  Fragments  of  the  original  white  chert  are 
held  so  firmly  by  this  secondary  chert  that  when  a  block  is  broken  the 
fracture  passes  through  the  enclosed  fragments  without  even  loosening 
them  from  the  matrix.  Often  the  whole  ore-body  becomes  thus  one 
compact  hard  rock,  which  is  mined  with  great  difficulty.  Sometimes 
the  solutions  of  silica  have  partially  redissolved  the  original  chert, 
and  the  two  grade  into  each  other.  The  silicification  and  consolida- 
tion of  this  matrix  were  evidently  later  than  the  formation  of  the 
blende,  galena,  and  dolomite,  as  well-formed  crystals  of  these  min- 
erals are  held  enclosed  ;  often,  perfect  exterior  casts  of  such  crystals 
are  left  by  their  dissolving  out  from  the  matrix.  In  the  case  of 
dolomite,  the  crystals  are  frequently  so  abundant  that  their  removal 
leaves  a  rock  of  tufaceous  texture.  Examples  of  this  are  shown  in 
Plate  I.  The  siliceous  solutions  permeated  and  cemented  the  clays 
and  sands  which  were  already  present  in  the  ore-bodies  in  greater  or 
less  quantities,  which  accounts  for  the  differences  in  composition  and 
color  of  these  gangues.  Where  silicification  was  only  partial,  the 
material  is  less  indurated  and  grades  into  a  shale.  At  the  Corry 
mine,  in  Dade  county,  a  variety  of  secondary  chert  occurs  which  is 
called  "mineral  rock."  It  is  light  colored,  porous,  often  vesicular, 
with  minute  quartz  crystals  lining  the  cavities. 

Limestones  are  found  in  some  deposits,  particularly  in  Jasper 
county,  where  galena  and  blende  crystals  appear  to  be  held  in  that 
rock.  This  is  a  secondary  rock,  formed  in  the  ore-bodies,  and  ce- 
ments the  chert  and  other  fragments.  Crystals  of  blende  frequently 
fall  out  of  this  matrix,  leaving  perfect  casts.  Such  rock  occurs  at 
the  Linzee  and  other  shafts  about  Carthage;  also  in  the  Kohinoor 
and  in  the  Gray  mines  near  Joplin,  and  at  Belleville. 

Dolomites  (other  than  the  beds  of  magnesian  limestones  of  the 
Ozark  stage,  and  other  than  crystals,  which  are  only  of  mineralogic 
interest)  are  abundant  in  southwestern  Missouri,  particularly  in 
Jasper  and  Newton  counties,  as  irregular  bodies  immediately  asso- 
ciated with  the  ore-deposits.  They  are  composed  of  a  dense  mass  of 
white  or  drab  dolomite  crystals.  These  sometimes  make  a  compact 
rock,  but  sometimes  it  is  incoherent  and  soft,  like  sand,  and  can  be 
dug  with  a  shovel.    This  dolomite  frequently  occurs  in  small  patches, 
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scattered  through  the  other  gangue-materials  or  even  diffused  in 
crystals;  sometimes  it  is  in  large  bodies,  through  which  drifts  are 
driven  for  hundreds  of  feet.  It  is  generally  contiguous  to  the  lime- 
stone wall-rocks,  and  appears  to  grade  into  them.  Blocks  of  lime- 
stone are  often  found  covered  with  a  shell  of  such  dolomite,  evi- 
dently formed  by  the  action  of  solutions  containing  magnesia  upon 
the  limestone. 

Barite  occurs  as  a  gangue-material  almost  exclusively  in  the  south- 
eastern and  central  districts.  As  it  will  be  fully  described  under 
the  head  of  associated  minerals,  we  omit  further  reference  to  it 
here. 

Minerals. — The  minerals  of  the  ore-deposits  we  divide  into:  (1) 
lead-  and  zinc-compounds,  and  (2)  accessory  minerals. 

The  principal  zinc-compound  is  the  sulphide,  sphalerite.  Impor- 
tant also  are  the  decomposition-products,  the  hydro-silicate  (cala- 
mine), and  the  carbonate  (smithsonite) ;  these  two  are  classed  indis- 
criminately as  "silicate"  in  the  trade.  Of  rare  occurrence  is  the 
hydrated  carbonate  (hydrozincite),  and  no  occurrence  of  the  anhy- 
drous silicate  (willemite)  has  been  noted. 

Galenite  is  at  present  almost  the  only  commercially  important 
lead-ore.  In  earlier  days  more  of  the  carbonate  (cerussite,  called 
"dry  bone")  was  found  and  utilized,  but  the  quantity  now  mined 
is  insignificant.  The  sulphate  (anglesite)  and  the  phosphate  (pyro- 
morphite)  occur,  but  they  are  comparatively  rare  and  not  commer- 
cially important. 

The  principal  accessory  minerals  are  calcite  (abundant  in  the  south- 
west), barite  (abundant  in  the  southeast),  dolomite,  pyrite,  marca- 
site,  chalcopyrite,  quartz,  bitumen,  limonite,  malachite,  and  azu- 
rite. 

Though  all  of  these  minerals  are  found  in  the  southeastern  and 
central  districts,  they  are  most  abundant  and  occur  in  most  varied 
association  in  the  southwestern  district.  This  is  a  rich  field  for  the 
mineralogist,  and  contains  a  wealth  of  material  of  cryslallographic 
interest. 

Sphalerite  or  blende,  locally  known  as  "jack,"  occurs  in  great 
abundance  and  purity  in  Jasper  and  Newton  counties.  It  is  also 
found  in  Lawrence  and  Dade,  and  to  small  extent  in  Jefferson,  Wash- 
ington, and  Morgan  counties;  in  the  latter  associated  with  barite. 
It  occurs  in  the  common  forms  and  of  various  colors,  due  to  im- 
purities. An  amorphous,  white  sulphide  of  zinc  is  found  at  Galena, 
Kansas,  and  about  Joplin,  Missouri,  evidently   deposited  from  solu- 
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tion  along  with  tallow-clays.  Rarely  it  is  found  in  the  form  of 
stalactites.  Sphalerite  occurs  in  crystals  distributed  through  the 
gangue  of  the  ore-bodies.  It  also  incrusts  cavities,  and  crystals  are 
attached  to  chert  slabs.  It  is  found  deposited  on  dolomite;  crystals 
of  red  and  other  colors  are  seen  on  galenite ;  calcite  and  pyrite  or 
marcasite  are  deposited  on  sphalerite.  It  sometimes  replaces  fossils. 
Many  crystals  have  a  greenish-yellow  coating  of  the  cadmium  sul- 
phide (greenookite). 

Calamine  is  locally  known  as  "silicate,"  and  is  not  distinguished 
from  the  carbonate  (smithsonite)  in  the  trade.  It  is  especially  abun- 
dant at  Granby  in  Newton  county;  also  occurs  in  quantity  at 
Aurora,  and  is  found  at  other  points  in  the  southwest.  It  is  com- 
paratively rare  in  the  southeast.  It  is  found  in  the  usual  forms  and 
of  the  common  colors.  It  generally  incrusts  sphalerite  and  plainly 
results  from  its  decomposition.  It  is  often  found  coating  calcite  and 
pseudomorphous  after  that  mineral  (see  Plate  II.). 

Smithsonite  is  the  principal  ore  of  zinc  in  the  southeastern  district, 
and  is  also  found  in  quantity  at  Granby  and  Aurora  in  the  south- 
west. It  occurs  of  the  usual  colors  and  forms.  Like  calamine,  it 
frequently  coats  sphalerite  and  often  replaces  calcite.  Stalactites  of 
both  of  these  compounds  are  often  found. 

Hydrozincite  is  found  very  rarely  in  Missouri  deposits. 

Galenite,  commonly  known  as  "  mineral,"  is  the  only  abundant  ore 
of  lead.  In  the  southwest  it  is  found  almost  invariably  at  the  higher 
levels  in  the  mines.  It  occurs  massive,  granular  and  in  crystals,  the 
latter  sometimes  as  much  as  6  inches  in  diameter,  often  in  large  aggre- 
gates. The  crystals  are  almost  always  cubes,  with  octahedral  faces  de- 
veloped at  alternate  corners.  In  the  rock,  galenite  sometimes  occurs 
in  solid  sheets  or  veins,  and  sometimes  cements  fragments  of  chert. 
The  granular  galena  of  the  disseminated  ores  is  composed  largely  of 
imperfectly  formed  crystals.  When  imbedded  in  calcite,  barite, 
secondary  chert,  dolomite  or  other  gangue,  the  crystals  are  well  de- 
veloped, and  were  evidently  formed  prior  to  the  solidification  of  the 
enclosing  matrix.  At  Bonne  Terre,  however,  galenite  is  found  de- 
posited on  calcite,  which  is  of  special  interest  as  indicating  the  recent 
formation  of  the  lead-mineral.  Pyrite,  marcasite  and  calcite  are  de- 
posited on  galenite.  It  appears  generally  to  have  been  formed  later 
than  sphalerite,  though  crystals  of  the  latter  are  sometimes  on  galen- 
ite. All  of  the  galenites  of  the  State  contain  small  quantities  of 
silver,  but  none  outside  of  those  of  the  Einstein  mine,  which  is  in 
Archean  granite,   contain   enough    to   be  classed    as    argentiferous. 
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Assays  of  the  limestone-ores  generally  range  up  to  about  4  ounces 
of  silver  to  the  ton,  and  in  one  instance,  over  10  ounces  was  ob- 
tained. The  disseminated  ores  of  the  southeast,  as  at  present  mined, 
carry  from  J  to  2  ounces,  and  allowance  for  all  over  ^  an  ounce, 
is  made  by  some  purchasers  and  smelters. 

Cerussite  is  known  as  "dry  bone"  and  "ash  mineral."  It  is 
found  in  all  districts,  mostly  near  the  surface.  It  is  nowhere  abun- 
dant now,  but  was  formerly  mined  in  quantity.  It  is  often  seen  as 
an  earthy,  white  coating  on  galenite,  and  crystals  frequently  stud  the 
surfaces  and  line  cavities. 

Anglesite  and  pyromorphite  are  comparatively  rare  and  of  no  com- 
mercial importance.  Specimens  of  leadhillite  have  recently  been 
discovered  in  ores  from  Granby. 

Calcite  is  known  as  "tiff"  or  "glass  tiff."  It  is  especially  abun- 
dant in  the  southwest.  The  crystals  are  generally  scalenohedra, 
sometimes  of  great  size,  as  much  as  two  feet  in  length.  Small  scalen- 
ohedra, with  peculiarly  curved  faces,  and  of  great  crystalljgraphic 
interest,  have  been  found  abundantly  about  Joplin.  Calcites  gen- 
erally occur  imbedded  in  the  clay  of  the  ore-deposits.  They  also 
line  cavities.  They  are  later  formed  than  the  other  minerals,  except- 
ing pyrite  or  marcasite,  which  is  frequently  found  on  calcite. 

Barite  is  called  variously,  "tiff,"  "heavy  tiff"  and  "ball  tiff." 
It  is  confined  almost  exclusively  to  the  southeastern  and  central 
districts,  though  small  quantities  have  been  found  in  the  southwest. 
It  replaces  limestone,  and  is  also  pseudomorphous  after  calcite.  It 
occurs  frequently  massive,  filling  veins,  and  as  the  gangue  of  galena- 
deposits.  It  seems  generally  to  be  formed  later  than  galena  or 
blende,  but  this  is  doubtful  in  some  cases. 

Dolomite  is  commonly  known  as  "spar."  It  is  abundant  in  the 
southwest  but  not  in  the  southeast.  It  occurs  in  masses  consisting 
of  a  granular  or  dense  aggregate  of  minute  crystals.  This  is  some- 
times soft  and  incoherent  and  is  called  "  sand."  It  was  undoubtedly 
an  early-formed  mineral  in  the  deposits  of  the  southwest,  preceding 
both  blende  and  galena. 

Pyrite  and  marcasite  are  commonly  known  as  "  mundic."  Pyrite 
in  isometric  crystals  is  comparatively  rare.  Marcasite  is  compara- 
tively abundant,  especially  in  the  southwest.  This  is  a  late-deposited 
mineral,  and  is  probably  still  forming.  Chalcopyrite  is  also  quite 
common  in  small  tetrahedra. 

Quartz  is  rare  in  crystallized  form.  It  also  seems  to  be  of  late 
deposition.     It  has  been  found  coating  galenite  and  cerussite.     In 
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the  form  of  drusy  quartz  and  chert  it  is  quite  abundant  in  the  south- 
east, and  is  there  known  as  "  mineral  blossom." 

Bitumen  is  found  principally  in  the  breccia  of  the  ore-bodies  of 
the  south  western  district.  It  also  occurs  there  in  cavities  of  the 
country-rock.  Sometimes  the  rock  or  gangue  is  completely  saturated 
with  it. 

Malachite,  azurite  and  limonite  are  also  found  in  small  quantities 
and  are  minerals  of  subordinate  interest. 

Paragenesis  of  Minerals. — This  subject  was  quite  fully  discussed 
by  Schmidt  in  his  report  of  1873.*  As  to  the  originally  formed 
minerals  of  the  southwest,  he  notes  the  following  succession  :  Galena, 
blende,  dolomite,  calcite,  pyrite.  In  the  southeast  the  succession  was 
blende,  galena,  barite,  pyrite,  calcite.  So  far  as  the  writer's  obser- 
vations have  gone,  the  succession  seems  to  be,  generally,  dolomite, 
blende,  galena,  barite,  calcite,  pyrite.  This  order  is  not  invariable, 
but  is  the  rule.  Dolomite  appears,  however,  to  be  constantly  of 
prior  formation.  Decomposition-products  are  naturally  of  any  age 
subsequent  to  the  formation  of  the  original  mineral. 

The  Structure  of  the  Ore-Bodies. 

The  prevailing  structures  are  the  brecciated  and  the  granular  or 
crystallized;  the  dense  and  the  banded  are,  however,  also  found. 

The  brecciated  structure  characterizes  the  southwestern  deposits, 
as  has  already  been  said.  Details  of  many  such  ore-bodies  are  given 
in  the  descriptions  of  mines  about  Joplin.  They  consist  of  blocks 
of  chert  and  other  rock  imbedded  in  a  matrix  of  clay,  shale  and 
secondary  chert,  through  which  the  metalliferous  and  other  minerals 
are  diffused.  Not  all  of  such  a  breccia  of  any  one  ore-body  is  metal- 
liferous, and  many  such  masses  contain  no  ore  at  all.  Strictly 
speaking,  perhaps  o*nly  those  can  be  classed  as  ore-bodies  that  con- 
tain ore.  Sometimes  the  brecciated  conditiou  passes  by  gradations 
into  unaltered  country -rock  ;  sometimes  the  line  of  separation  is 
sharp.  Breccias  filling  vertical  crevices  very  often  contain  compara- 
tively few  fragments,  and  the  filling  is  mostly  clay  matrix.  Such 
are  common  in  Jefferson  and  Washington  counties  of  the  southeast. 
Other  vertical  crevices  are  compactly  filled  with  a  solid  breccia.  In 
the  central  district,  the  circular  or  chimney-deposits  have  a  brecciated 
structure.  In  the  southeast,  the  brecciated  structure  sometimes 
passes  into  a  true  stockwork  (see  Plates  III.  a  and  III.  6). 

*  Report  Mo.  Geol.  Sur.,  1873. 
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The  granular  or  crystallized  structure  characterizes  the  great  de- 
posits of  disseminated  ores  in  the  southeastern  district.  These  are 
made  up  of  an  aggregate  of  grains,  and  often  of  well-defined  crys- 
tals of  galena  and  dolomite.  Some  crevice-  or  vein-deposits,  such 
as  those  at  Mansfield,  in  Wright  county,  have  also  a  granular  struc- 
ture, passing  into  the  brecciated.  The  Pierson  creek  ore  of  Greene 
county  may  also  be  classed  as  granular.  Portions  of  the  brecciated 
masses  of  the  southwest  are  also  sometimes  granular,  especially  those 
composed  largely  of  dolomite. 

The  dense  structure  is,  strictly  speaking,  applicable  only  to  those 
vein-fillings  of  the  southeastern  and  central  districts,  which  are  com- 
posed entirely  of  one  material,  generally  galena.  They  are  usually 
very  narrow  or  thin.  It  is  applicable  also  to  those  composed  of 
massive  barite.     The  class  is  not  an  important  one. 

The  banded  structure  is  rare.  True  ribboned  veins  are  not  found. 
Barite  and  galena  occur  in  the  flat  and  interbedded  deposits  of  the 
southeast  sometimes  in  layers,  but  these  are  about  the  only  instances. 

V. — Descriptions  of  Types. 

Having  considered  the  ore-deposits  in  a  general  way,  we  will  in- 
troduce as  illustrations  descriptions  of  a  few  types  from  different  dis- 
tricts, in  order  that  the  details  may  be  better  understood. 

The  Eagle  Mines. 

In  the  southwestern  corner  of  the  Joplin  camp,  in  the  S.  E.  quar- 
ter of  section  16  and  the  S.  W.  quarter  of  section  15,  township  27 
N.,  33  W.,  is  a  group  of  diggings  of  which  the  Eagle  mines  of  the 
Empire  Zinc  Company  are  the  center.  Adjoining  these  to  the  east, 
and  in  similar  ground,  are  the  mines  of  the  Mahaska  Mining  Com- 
pany, and  to  the  west  those  of  the  Snyder  Brothers.  Immediately 
across  the  county  line  to  the  south  are  the  mines  of  the  Emilie  Zinc 
Company. 

In  Fig.  4,  reduced  from  the  company's  mine  maps,  the  distribu- 
tion and  shape  of  the  underground  workings  are  shown.  Though 
parts  of  these  excavations  were  in  barren  ground,  their  outlines  are 
quite  closely  those  of  the  ore-bodies,  and  hence  the  illustration  is  a 
very  instructive  one. 

Shaft  No.  23  of  the  Eagle  mine,  at  the  time  of  our  visit,  was  oper- 
ating two  drifts  or  levels  at  depths  of  55  and  75  feet  respectively. 
The  workings  of  the  upper  level  followed  generally  an  E.  to  W. 
direction,  while  in  the  lower  level  they  lay  more   nearly  N.  to  S. 
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The  ore  occurred  in  horizontal  "  runs,"  which  are  ill-defined  oblong 
bodies  of  irregular  sections,  sometimes  expanding  in  cross-sections 
to  form  chambers,  the  contents  of  which  merge  into  the  surrounding 
barren  ground.  This  barren  ground  was  in  composition  often  the 
same  as  the  gangue  of  the  ore-bodies  proper,  and  consisted  largely 
of  chert.  The  chert  occurred  generally  in  slabs,  and  sometimes  in 
roughly  spherical  masses.  The  slabs  were  evidently  remnants  of 
lenticular  layers  or  thin  strata,  and  sometimes  extended  across  or 
over  an  entire  ore-body,  so  as  to  form  the  roofs  of  large  chambers; 
elsewhere  they  dipped  strongly,  the  strike  being  frequently  parallel 
to  the  run  of  ore.*  This  chert  was  of  the  white  or  bluish  variety 
of  the  country  rock,  extremely  fragile,  a  sharp  blow  of  the  hammer 
shattering  a  large  mass  into  numerous  fragments. 

In  and  around  these  slabs  and  blocks  of  chert  was  a  matrix  of 
granular  dolomite,  more  or  less  decomposed,  associated  with  red 
tallow  clay,  sometimes  occurring  in  large  masses.  Some  portions  of 
this  matrix  were  partially  silicified,  forming  a  somewhat  soft  and 
impure,  dark,  secondary  chert.  In  one  part  of  the  mine,  barite  was 
found  in  a  crystallized  condition  in  sufficient  quantities  to  interfere 
with  the  milling  of  the  blende;  this  is,  however,  an  exceptional 
occurrence,  barite  being  rare  in  the  mines  of  this  district.  Through 
this  gangue  the  mineralization  appeared  to  follow  certain  axes,  though 
spreading  varying  distances  from  them.  The  ore-deposit  proper  is, 
thus,  not  a  distinct  body  as  if  introduced  into  a  pre-existing  cavity, 
but  it  is,  more  exactly  speaking,  an  impregnated  portion  of  a  brec- 
ciated  and  dolomized  mass. 

The  metalliferous  constituents  of  the  ore  were  principally  blende, 
but  a  good  deal  of  galena  was  also  found.  The  crystals  of  these 
minerals  were  disseminated  through  the  decomposed  dolomite  or 
clay  and  through  the  dark  secondary  chert,  or  they  were  attached  to 
the  surfaces  of  the  fragments  of  the  original  chert.  The  mineral- 
ized portion  was  frequently  a  mere  string,  while  elsewhere  it  spread 
out  to  a  large  body.  In  such  cases,  if  the  gangue  was  soft,  the  whole 
ore-body  could  be  shoveled  out,  leaving  large  chambers,  sometimes 
as  much  as  150  feet  across.  The  zinc-contents  of  these  ores,  as 
taken  from  the  mines,  ranged  from  10J  to  12|  per  cent.,  the  mois- 
ture from  17.3  to  22  per  cent.,  the  balance  being  gangue.  From 
the  relative  outputs  of  lead-  and  zinc-ores,  the  lead-contents  is  prob- 

*  Mr.  Pope  Yeatman,  the  mining  engineer  of  the  company,  expressed  the  opinion 
that  where  such  dips  converge,  as  in  a  shallow  syncline  produced  probably  through 
settling,  ore  is  liable  to  be  found. 
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SKETCH    SHOWING    DISTURBED     CONDITION    OF  ORE 
BODY    AT    EAGLE    MINES. 


ably  below  1  per  cent.  The  dressed  zinc-ore  contained  from  60  to 
62  per  cent,  of  metallic  zinc,  and  at  times  reached  as  much  as  66 
per  cent. 

All  the  phenomena  of  these  deposits  yield  evidence  of  great  de- 
composition, alteration,  and  local  disturbance  of  the  country  rock. 
The  traces  of  original  stratification  are  usually  well-nigh  obliterated, 
only  a  few  limestone  blocks  being  found  in  the  ore-body,  and  these 
disconnected  and  enclosed  in  disturbed  and  shattered  chert.  Fig.  5, 
produced  from  a  sketch  made 
in  the  mine  by  the  writer,  il- 
lustrates the  structure.  Be- 
tween the  different  runs  of  ore, 
concealed  ridges  of  undecom-  v| 
posed  limestone,  known  as 
"  bars,"  are,  however,  found. 

The  ore-bodies  of  the  other 
Eagle  shafts,  and  of  the  Snyder 
and  Emilie  mines,  located  on 
the  map,  are  similar  to  the  last, 
with  the  exception  that,  in  the  latter,  part  of  the  gangue  was  silicified 
and  very  hard. 

Reviewing  this  group  of  mines,  an  inspection  of  the  map,  Fig.  4, 
shows  that  the  runs  of  ore  at  the  different  shafts  follow  certain  lines 
or  courses.  One  series  is  plainly  in  an  E.  N.  E.  to  W.  S.  W.  direc- 
tion, while  another  is  approximately  N.  W.  to  S.  E.,  nearly  at  right 
angles  to  the  last.  Further,  among  the  peculiarities  of  the  Eagle 
mines  is  the  fact  that  they  are  located  on  a  divide  between  two  hol- 
lows, though  in  a  large  sense  they  are  in  a  depression.  The  ore- 
bodies  are  characterized  generally  by  being  much  disturbed  and 
open,  are  associated  with  much  shattered  chert  with  no  limestone 
roof  and  with  few  limestone  bars;  the  ground  is  also  usually  soft 
and  easily  mined.  The  preponderance  of  blende  over  galena  is  also 
very  great.  Oxidized  ores  are  remarkably  scarce,  considering  the 
open  nature  of  the  ground  ;  pyrite  is  not  generally  diffused,  though 
it  is  found  at  a  few  places. 

The  Western  Zinc  Company  or  Oswego  Lands. 

These  are  on  the  southeastern  edge  of  Joplin.  The  ground  is  less 
open  than  that  of  the  Eagle  mines,  and  illustrates  a  different  type. 

The  Gobar  and  Tomlinson  shaft  and  the  Barker  shaft  were  situ- 
ated in  the  N.  E.  quarter  of  the  S.  W.  quarter  of  sectiou  11.     They 
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were  about  50  feet  deep,  and  were  sunk  through  solid  limestone  and 
chert  near  the  surface,  reaching  ore-bearing  and  more  open  ground 
at  the  bottom.  The  decomposition  of  the  country  rock  is  not  very 
great,  and  the  strata  in  places  appeared  to  be  undisturbed,  though 
at  times  they  dip  west  fully  as  much  as  30°.  In  the  drift  at  the 
bottom  of  the  shaft,  the  limestone  was  seen  to  be  highly  dolomized, 
and  in  this  rock  were  cavities  or  chambers  frequently  large  enough 
to  admit  several  men.  These  cavities  were  lined  with  beautiful  and 
large  crystals  of  calcite  and  galenite,  and  more  rarely  with  sphal- 
erite. Ore  seemed  to  be  confined  to  the  dolomized  portions  of  the 
limestone.  The  gangue  consisted  of  this  dolomite,  of  a  gray  sec- 
ondary chert  or  partly  silicified  sandy  shale,  the  latter  containing 
crystals  of  blende  disseminated  through  it,  and  of  bitumen  diffused 
in  specks.  The  ore  did  not  follow  a  crevice,  nor  did  it  occur  in  a 
run,  but  was  found  in  bunches  in  the  dolomized  rock,  and  also  fol- 
lowing decomposed  and  altered  layers  between  the  limestone  strata. 
The  blende  was  of  a  brilliant  ruby  red  and  cinnamon  color;  no 
"  steel "  blende  was  noticed.  As  the  statistics  show,  galena  is  present 
in  large  quantities,  but  is  not  so  abundant  as  blende.  No  silicates 
or  carbonates  were  observed ;  in  some  shafts  marcasite  was  found. 

The  presence  of  limestone  only  partially  decomposed  seems  to 
characterize  much  of  the  ground  of  this  tract,  as  does  also  the  great 
dolomization  and  the  abundance  of  calcite  crystals.  These  mines 
are  located  about  on  the  crest  of  the  divide  between  Shoal  creek 
and  Turkey  creek. 

The  Alba  Company's  3fine. 
We  have  at  this  mine,  which  is  about  7  miles  northwest  of  Car- 
thage, an  illustration  of  an  occurrence  of  ore  similar  to  that  of  the 
well-known  Circle  mines  at  Oronogo.  This  is  illustrated  in  the 
next  figure,  prepared  by  the  writer  while  on  the  ground.  To 
give  a  thorough  understanding  of  the  conditions,  we  will  add  the 
following  detailed  description  of  the  different  openings  represented 
on  this  map. 

At  A  is  a  shaft  42  feet  deep,  in  open,  chert  ground. 

At  B  is  a  shaft  82  feet  deep,  in  similar  ground,  with  some  blende  at  70  feet. 
.  At  C  is  a  shaft  70  feet  deep,  going  through  fossiliferous  limestone,  with  some  white 
chert;  only  small  specks  of  blende  were  found. 

At  D  is  a  shaft  40  feet  deep,  in  solid  limestone. 

At  E  the  shaft  is  179  feet  deep,  and  passed  through  the  following  materials  : 

1.  Clay  and  loose  chert 15  feet. 

2.  Clay,  yellow,  plastic,  like  tallow, 8  feet. 
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3.  Slate  and  shale,  dark  drab,  with  blocks  of  coal  lying  at  all  angles  in  the  upper 

part,  lower  half  undisturbed;  in  the  shale  c^'stals  of  blende  were  found,  and 
calcite  penetrating  the  coal, 107  feet. 

4.  Blocks  of  dolomite  and  secondary  limestone,  with  blende  between  blocks,  24  feet. 

5.  Ore-body  consisting  of  a  breccia  of  white  chert  fragments,  surrounded  by  black 

mud  and  harder,  indurated,  impure  secondary  chert ;  also  red,  drab,  and  black 
tallow  clay,  all  indiscriminately  mixed  ;  softer  portions  termed  mud  openings  ; 
some  dolomite  in  grains  and  crystals  and  in  softened  blocks,  through  this,  blende 
is  distributed  in  crystals  and  fine  grains  of  light-reddish  color,        .       26  feet. 
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A  CIRCULAR   DEPOSIT  AT  THE  ALBA   MINE. 


At  F  is  a  shaft  70  feet  deep,  through  open  ground,  with  dolomite,  but  no  slate  ; 
at  about  60  feet,  coarsely  crystallized  blende  is  disseminated  through  the  dolomite. 

At  G  is  Shaft  No.  12,  160  feet  deep.  Only  about  15  feet  of  slate  was  passed 
through  here,  covered  by  the  surface  clay  and  chert  and  underlain  by  limestone 
and  dolomite  blocks;  the  ore-body  was  struck  at  about  50  feet,  containing  some 
galena  and  much  blende;  this  continued  down  to  70  feet.  Between  140  and  160 
feet  another  run  of  ore  was  found. 

At  H  is  a  shaft  72  feet  deep,  in  which  chert  and  yellow  clay  were  found  contain- 
ing a  little  lead. 

At  I  and  K  are  shafts  in  which  solid  limestone  was  struck. 

At  M  is  a  shaft  80  feet  deep,  which  passed  through  broken  ground  and  about 
15  feet  of  shale.  The  upper  run  of  ore,  containing  principally  blende,  was  struck 
at  55  feet. 

At  N  is  an  undisturbed  outcrop  of  soft  porous  chert,  weathering  red  on   expo- 
sure.   Just  west  of  this,  between  it  and  the  margin  of  the  slate,  smithsonite  was 
struck  at  about  40  feet. 
vol.  xxiv. — 42 
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In  addition  to  these  openings,  numerous  shallow  shafts  were  put 
down  in  past  years  beyond  the  western  edge  of  the  open  pit  shown 
on  the  map,  and  on  the  eastern  side  also ;  these  worked  the  upper 
run  of  ore  at  depths  between  50  and  70  feet,  which  contained  lumps 
of  galena,  much  blende,  and  some  carbonate  of  zinc,  associated  with 
clay  and  chert. 

During  the  year  1892  an  attempt  was  made  to  work  this  upper 
run  of  ore  by  an  open  cut  or  pit,  which  was  sunk  at  great  expense 
to  a  depth  of  60  feet.  Its  outlines  are  defined  on  the  map.  Among 
other  materials,  some  35  feet  of  coal  shale  was  taken  out  within  the 
limits  shown. 

A  consideration  of  all  these  facts  plainly  shows  that  we  have  here 
an  instance  of  a  coal-pocket,  around  the  margin  of  which  the  ores 
occur  in  a  breccia  of  residuary  materials  derived  from  the  Lower 
Carboniferous  rocks.  This  zone  of  breceiated  material,  though 
irregular,  appears  to  be  in  the  neighborhood  of  100  feet  wide,  and 
beyond  this  the  solid  limestone  is  encountered.  A  few  hundred  yards 
south  of  the  mine  undisturbed  limestone  is  seen  in  the  bluffs  along 
the  Spring  river. 

The  Victor  Mine. 

This  mine  operates  on  what  is  known  as  the  Thomas  Conner  land, 
south  of  "Webb  City.  It  is  in  the  northeastern  corner  of  the  S.  E. 
quarter  of  the  S.  W.  quarter  of  section  20.     It  immediately  adjoins 
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Map  of  the 
MORNING  STAR  AND  VICTOR   MINES. 
From  Surveys  by  A.  F.  Donovan,  C.  E. 
Scale  1  inch  =  120  feet. 
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the  Morning  Star  mines,  with  which  the  workings  are  connected 
underground.  The  adjoining  map  shows  the  extent  of  these  work- 
ings.    This  mine  has  been  one  of  the  largest  producers  of  the  group, 
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the  product  being  entirely  zinc-ore.  At  the  time  of  inspection  the 
shafts  were  about  200  feet  deep.  Shaft  No.  3  passed  through  about 
80  feet  of  limestone  overlying  the  ore-body.  The  latter  consisted 
of  chert-breccia,  the  matrix  or  filling  between  the  chert  fragments 
being  clay  and  a  soft,  earthy  secondary  chert.,  Masses  of  dark  bitu- 
minous shale  were  also  found,  showing  planes  of  stratification  and 
containing  nodules  of  chert ;  the  layers  of  shale  were  seen,  however, 
to  dip  strongly,  showing  that  it  was  not  in  its  original  position. 
Drifts  were  opened  in  this  ore-body  to  a  height  of  70  feet.  The 
chert  in  the  body  was  very  brittle  and  much  shattered,  often  break- 
ing into  long  splinters,  whence  it  is  called  "  butcher's-knife  flint." 
No  black  shale  or  hard,  secondary  chert  were  seen.  The  ore,  which 
is  almost  entirely  blende,  occurs  in  massive  crystalline  masses  be- 
tween the  slabs  of  chert,  and  also  disseminated  through  the  gangue. 
Very  little  pyrite  or  dolomite  was  observed. 

The  fact  that  shaft  No.  3  penetrated  a  thick  stratum  of  limestone 
does  not  necessarily  mean  that  the  whole  body  of  ore  is  covered  by 
such  a  bed;  and  the  same  remark  applies  to  many  other  mines  in 
this  camp  which  are  operated  under  a  limestone  roof.  On  the  con- 
trary, at  the  Victor  mine  numerous  instances  of  sink-holes  or  cavings 
of  old  workings  were  seen,  which  showed  that  the  cap-rock  of  Lower 
Carboniferous  limestone  was  penetrated  up  to  the  surface  in  some 
places  by  pipe  and  sink-hole  openings,  thus  furnishing  channels  for 
the  ready  access  of  surface  materials  to  underground  cavities. 

The  principal  distinguishing  features  of  these  Webb  City  and 
Carterville  deposits  are,  1,  the  presence  of  a  stratum  of  limestone  of 
variable  thickness,  overlying  the  main  ore-body ;  2,  the  frequent 
presence  of  bodies  of  Coal-Measure  shale,  and  sometimes  of  coal  beds 
above  this  limestone  roof,  these  shales  often  reaching  as  much  as  50 
feet  in  thickness;*  3,  the  great  size  of  the  ore-bodies  and  their  com- 
plete brecciation,  no  evidence  remaining  in  the  large  mines  examined 
that  the  materials  were  ever  stratified;  4,  the  inclusion  in  the  ore- 
breccia  of  large  masses  of  shale,  distinctly  bedded  and  dipping  at 
various  angles,  indicative  of  disturbance;  5,  the  preponderance  of 
zinc  minerals  over  lead  minerals,  as  is  suggested  by  the  statistics 
of  production  given  on  page  638,  a  very  small  percentage  of  the  out- 
put being  lead-ore,  probably  less  than  1  per  cent,  if  measured  by 
tons. 


*  At  some  points  the  coal-bed  is  of  sufficient  thickness  to  warrant  mining  ;  and 
such  a  pocket  northwest  of  Webb  City  lias  yielded  several  thousand  tons  of  coal. 
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The  Bonne  Terre  Mines. 

As  an  illustration  of  the  disseminated  ores  of  the  southeastern 
district,  we  select  for  description  the  Bonne  Terre  mine  of  the  St. 
Joseph  Lead  Company  in  St.  Francois  county.  This  is  a  very  large 
mine,  employing  hundreds  of  men,  and  equipped  with  complete 
operating  and  smelting  plants.  The  value  of  the  lead  produced 
during  the  past  twenty-eight  years  has  been  over  $14,000,000.  The 
magnitude  of  this  and  other  deposits  of  southeastern  Missouri  does 
not  seem  to  be  appreciated  by  the  outside  world.  They  are  apt  to 
be  classed  with  the  shallow  crevices  and  surface  diggings  of  the 
upper  Mississippi  region  and  elsewhere  in  Missouri,  from  which  they 
are  entirely  distinct. 

General  Geology  of  Bonne  Terre. — The  country-rocks  about  the 
mines  are  principally  magnesian  limestones,  though  some  argillaceous 
shale,  called  slate,  is  also  found ;  sandstone  occurs  at  depths  under 
the  limestone,  but  is  nowhere  exposed  at  the  surface,  near  the  mine. 
No  chert  occurs  in  the  limestone,  nor  is  it  found  either  in  drusy  or 
nodular  forms  on  the  surface,  excepting  over  the  hills  to  the  south- 
west. The  entire  thickness  of  the  limestone  series  must  be  in  the 
neighborhood  of  700  feet,  reckoning  from  the  hill-tops  to  the  bottom 
of  the  drill-holes.  The  upper  100  feet  or  so  of  this  contains  more 
or  less  shale,  and  the  magnesian  limestone  is  in  part  thinly  bedded 
and  flaggy  ;  under  this  are  some  300  feet  of  thicker  bedded,  massive 
limestone  in  which  the  ore  occurs  ;  below  this  again  there  is  argilla- 
ceous shale  for  about  30  feet,  followed  by  100  feet  or  so  of  magne- 
sian limestone,  which  is  sandy  to  a  greater  or  less  extent,  and  con- 
tains also  some  thin  layers  of  shale.  This  is  followed  by  the  basal 
La  Motte  sandstone  of  as  yet  undetermined  thickness.  The  strata 
dip  1  or  2  degrees  northward. 

The  magnesian  limestones  are  generally  of  a  gray  color  when  un- 
weathered;  are  dense  and  crystalline,  or  granular  or  pitted,  with 
numerous  small  cavities;  they  are  sometimes  of  a  bright-green  color, 
from  contained  chlorite,  and  are  often  arenaceous,  passing  into  sand- 
stone, especially  in  the  lower  horizons. 

The  shale  is  of  a  greenish  or  bluish  color,  argillaceous,  frequently 
intercalated  with  thin  layers  of  magnesian  limestone;  it  becomes 
very  fissile  and  soft  on  exposure  to  the  weather. 

The  sandstone  of  the  lower  members  of  the  limestone  series  is 
highly  calcareous,  of  a  gray  color,  and  it  is  often  impossible  to  say 
where  the  dividing  line  should  be  drawn  between  it  and  the  asso- 
ciated magnesian  limestone.     Of  the  basal  limestone,  only  one  set 
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of  specimens  was  seen  by  the  writer,  namely,  that  from  drill-hole, 
No.  50  C.  These  cores  were  of  soft  friable,  brown  sandstone,  the 
grains  being  well-rounded  and  not  enlarged  by  crystallization,  and 
held  in  a  matrix  of  very  fine  sand  with  little  or  no  lime. 

The  Ore-Bodies. — The  ore  at  the  Bonne  Terre  mines  consists  of 
galena  disseminated  through  magnesiau  limestone.  No  special  kind 
of  limestone  seems  specially  favorable  for  the  ore,  though  almost  all 
of  the  galena  mined  is  found  in  the  open  and  coarse-textured  rock, 
and  little  or  none  in  the  compact  and  fine-grained  varieties.  Much 
of  the  rock  in  the  mines  is  of  dark  color,  probably  through  a  discol- 
oration of  the  calcite  and  dolomite  by  iron  or  manganese  salts  and 


DISSEMINATED    GALENA     IN     MAGNESIAN     LIMESTONE. 


some  organic  matter.  Neither  do  we  find  the  impregnations  of  the 
limestone  confined  to  a  limited  horizon  ;  all  portions  of  the  rock 
above  the  lower  shale-beds  have  yielded  ore.  Numerous  drill-hole 
records  examined  show  a  preponderance  of  galena  between  the  depths 
of  150  and  250  feet,  and  most  of  the  mining  is  now  conducted  within 
these  limits.  In  the  early  days,  however,  disseminated  ore  was 
mined  from  higher  levels,  and  east  of  the  Hoadly  shaft  disseminated 
ore  in  sheets  was  quarried  out  at  the  surface  in  large  quantities. 
The  galena  occurs  diffused  or  concentrated  along  stratification  planes, 
in  either  case  intimately  mixed  with  the  grains  of  calcite  or  dolomite, 
so  as  to  form  an  integral  part  of  the  rock.     These  conditions  are 
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illustrated  in  Fig.  8.  It  is  also  found  lining  and  filling  minute 
joint-crevices.  The  ore-body  at  any  one  point  may  occupy  one  or 
more  beds  of  limestone  of  limited  thickness,  while  elsewhere  the 
impregnation  may  expand,  and  magnificent  faces  of  ore  nearly  100 
feet  high  have  been  opened  in  the  workings.  No  generally  estab- 
lished lines  or  planes  limit  these  ore-bodies  in  any  direction,  but 
the  galena-contents  usually  fade  out  into  the  surrounding  country- 
rock.  In  some  instances,  however,  stratification-planes  or  crevices 
mark  the  limits  of  the  ore.  The  average  contents  of  the  rock,  as 
taken  out  of  the  mines,  is  about  5  per  cent,  of  metallic  lead. 

Near  the  surface,  concentrated  deposits  of  galena  were  found  in 
crevices,  and  in  the  days  of  early  mining,  these  were  the  ores  prin- 
cipally worked.  Crevices  are  also  encountered  in  the  deep  mines, 
but  there  they  are  not  ore-bearing.  Mr.  C.  B.  Parsons,  superinten- 
dent of  the  company,  informed  the  writer  that  a  channel,  located 
about  50  feet  south  of  the  Hoadly  shaft,  and  running  thence  through 
the  Cottonwood  shaft,  was  plainly  displayed  in  past  years  of  mining, 
and  supplied  large  amounts  of  massive  galena.  This  crevice  was 
from  2  to  4  feet  wide  ;  its  position  is  indicated  on  the  accompany- 
ing mine-map  (Fig.  9).  Several  such  crevices  were  developed  and 
worked  here,  but  they  were  all  found  to  grow  narrower  and  to  become 
unproductive  with  depth. 

The  ore  of  these  deposits  is  now  entirely  galena,  though  cerussite 
was  found  at  the  surface  in  early  mining.  Absolutely  no  zinc  occurs 
here,  not  even  enough  to  be  detected  by  analysis.  Pyrite  is  always 
present,  though  it  does  not  always  contain  copper.  Chalcopyrite 
and  pyrrhotite,  carrying  about  4  per  cent,  of  nickel  and  cobalt,  char- 
acterized the  upper  workings  down  to  a  depth  of  about  100  feet. 
Latterly  it  has  been  encountered  in  the  deeper  Pen  diggings,  and 
the  ore  as  mined  now,  according  to  Mr.  Setz,  the  assistant  superin- 
tendent, contains  from  3  to  4  per  cent,  of  copper.  From  one  to  two 
ounces  of  silver  per  ton  are  known  to  exist  in  the  galena.  These 
impurities  class  the  product  as  "  mineral  "  lead.  Calcite  has  been 
frequently  found  in  this  mine,  but  no  barite  was  observed.  Interest- 
ing specimens  were  obtained  here,  showing  pyrite  crystallized  on 
galena  and  also  galena  on  calcite,  which  latter  fact  suggests  that  a 
deposition  of  galena  may  still  be  in  progress.  The  galena  is  crys- 
tallized in  both  octahedral  and  cubical  forms. 

Fig.  9  is  reduced  from  the  company's  mine-map.  The  accom- 
panying cross-section  is  ideal  in  part.  This  map  shows  that  the 
mine  extends  nearly   three-fourths   of  a  mile   underground.      The 
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drifts  or  galleries  or  rooms  are  large,  generally  presenting  faces  about 
20  feet  high  and  sometimes  as  much  as  100  feet.  The  shafts  are 
well  equipped  with  cages,  and  the  underground  haulage  is  effected 
with  mules.  Compressed-air  drills  and  other  improved  appliances 
are  used  in  excavating  the  ore. 

On  this  map  special  pains  have  been  taken  to  show  the  distribu- 
tion and  courses  of  the  many  crevices  which  are  to  be  observed  in 
the  mines.  The  prevailing  course  is  plainly  seen  to  be  between  E. 
to  W.  and  N.  E.  to  S.  W.  In  many  cases  the  crevices  were  non- 
persistent,  and  died  out  in  the  roof  or  wall-rock;  at  other  times  they 
were  continuous  so  far  as  exposed,  and  may  be  represented  further 
on  by  other  crevices.  No  one  series  of  openings  is,  however,  promi- 
nent on  account  of  size  or  associations,  and  there  is  nothing  to  lead 
one  to  conclude  that  any  master-crevice  traverses  the  ore-body.  For 
this  reason  no  attempt  has  been  made  to  represent  on  the  map  any- 
thing but  facts  regarding  these  openings.  Any  one  who  will  study 
this  map  can  formulate  about  as  good  an  idea  as  to  their  possible 
connection  as  he  could  do  were  he  in  the  mine.  No  faulting  or  dis- 
placement was  noticed  along  them;  they  are  not  generally  open,  and 
those  that  are  so  usually  connect  with  the  surface  and  are  filled  with 
red  mud  or  clay.  More  often  they  are  tight,  with  lens-like  expan- 
sions or  openings  at  intervals.  Water  drips  from  most  of  them, 
which  is  highly  charged  with  lime,  and  coats  the  surfaces  of  the  rock 
and  cements  the  loose  materials  which  lie  on  the  floor. 

The  ValU  Mines. 

As  examples  of  the  interbedded  and  pipe  and  crevice  deposits  of 
the  southeastern  district,  we  introduce  the  following  descriptions  of 
openings  at  the  Valle  mines,  in  Jefferson  county  : 

The  Garatee  Mines. — These  mines  are  located  about  a  mile  and  a 
half  northwest  of  the  railway-tunnel  at  the  Valle  mines,  somewhere 
near  the  southeastern  corner  of  section  1,  township  33  N.,  4  E. 
Several  shafts  have  been  sunk  here.  The  workings  of  No.  6  were 
examined  by  us.  This  was  about  135  fest  deep,  and  three  runs  of 
ore  were  encountered  at  depths  of  65,  95,  and  135  feet  respectively. 
The  shaft  was  sunk  in  a  chimney  or  opening,  and  no  rock  was  en- 
countered down  to  the  upper  run  of  ore.  This  consisted  of  a  net- 
work of  channels,  lying  in  an  approximately  horizontal  position, 
similar  to  the  occurrences  of  ore  at  the  Palmer  mine,  Washington 
county,  and  like  those  at  the  Corn  Stalk  diggings,  described  below. 
These  channels  contained  a  large  amount  of  red  clay.     The  ore  con- 
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sisted  principally  of  galena  enclosed  in  barite.  Some  smithsonite 
was  also  found.  With  these  occurred  calcite  in  large  crystals,  py- 
rite,  and  some  limonite.  The  ore  in  the  other  runs  occurred  in  sim- 
ilar networks  of  channels,  and  these  were  connected  at  times  by  ver- 
tical chimneys.  The  channels  were  frequently  not  over  1  foot  thick 
and  a  few  feet  wide,  but  they  often  expanded  to  cave-like  dimen- 
sions. 

The  Corn  Stalk  Diggings. — These  were  shallow  pits  at  the  time  of 
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inspection,  and  the  deposits  had  been  quite  recently  opened.  They 
are  located  about  half  a  mile  northwest  of  the  Valle  Mines  post- 
office,  and,  consequently,  about  in  the  N.  W.  quarter  of  section  6, 
immediately  adjacent  to  the  railway-track.  The  galena  was  first 
encountered  in  the  surface-clay  in  the  railway-cut,  lying  directly  on 
the  limestone  country-rock  ;  thence  eastward,  with  the  rise  of  the 
hill,  it  extended  under  the  rock  also.     Shafts  to  the  depth  of  30  feet 
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had  been  sunk  at  the  time  of  our  visit.  The  ore  was  galena,  in 
large  masses,  associated  with  and  imbedded  in  barite,  as  is  shown  in 
Fig.  10.  Red  clay  was  also  found  with  the  ore.  These  occurred  in 
a  network  of  horizontal  runs,  as  illustrated.  They  were  confined  to 
one  plaue  of  stratification,  so  far  as  developed  at  that  time.  The 
channels  were  of  flattened,  lenticular  section,  being  normally  12  to 
18  inches  thick  and  about  3  feet  wide.  Some  pyrite  and  some  cal- 
cite  were  found,  and  a  good  deal  of  limonite  adhered  to  the  galena. 
The  rock  enclosing  the  ore  is  normally  a  very  light-colored,  crystal- 
line, magnesian  limestone,  but  near  the  contact  with  the  channels  it 
is  softened  and  sandy.  About  fourteen  openings  had  been  made  in 
an  area  of  less  than  15  acres. 

The  Virginia  Mine. 

This  Franklin  county  mine  is,  perhaps,  the  best  illustration  of  a 
crevice  or  vein  deposit  in  the  State.  It  was  discovered  in  1854,  and 
has  been  the  scene  of  large  operations  since.  To  date,  over  13,000 
tons  of  lead-ore  have  been  produced  from  it.  The  maximum  depth 
is  480  feet.  What  is  known  as  the  Inge  shaft  is  close  to  the  old 
furnace,  and  is  reported  to  have  been  325  feet  deep.  From  this  the 
pits  extend  in  both  directions  along  a  course  about  N.  20°  W.  (mag- 
netic), and  show  the  direction  of  the  fissure,  though  this  is  probably 
somewhat  sinuous.  In  an  old  shaft,  about  a  quarter  of  a  mile  south, 
the  vein  as  exposed  is  18  inches  to  2  feet  thick,  aud  consists  entirely 
of  barite.  About  100  feet  farther  south,  in  another  pit,  the  crevice 
is  filled  with  a  vein  of  barite  4  to  6  inches  thick,  containing  patches 
of  galena.  The  barite  is  of  a  dark-purplish  color,  resembling  some 
varieties  of  chert,  and  exhibits  slickeusided  surfaces  in  places.  The 
east  wall  of  the  vein  consists  of  massive  magnesian  limestone  with 
chert,  which  latter  does  not  appear  in  layers,  but  in  numerous  frag- 
ments, as  if  brecciatcd.  The  west  wall  consists  of  magnesian  lime- 
stone thinly  bedded,  with  layers  of  chert  alternating  with  the  lime- 
stone. These  conditions  are  unmistakable  evidence  of  faulting. 
They  are  illustrated  in  Fig.  11.  The  amount  of  throw  could  not  be 
determined  with  the  opportunities  afforded  for  examination.  The 
great  depth  to  which  the  vein  has  been  followed  is  suggestive  of 
considerable  movement,  yet  the  comparatively  undisturbed  condition 
of  the  wall-rocks  immediately  adjacent  is  opposed  to  this  inference. 

This  mine  was  described  at  some  length  by  Litton  in  1854.  As 
seen  by  him  then,  the  deposit  occurred  in  a  vertical  fissure  running 
nearly  due  N.  and  S.,  which  had  been  traced  aud  worked  for  more 
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than  a  mile.  The  width  of  the  fissure  varied  from  1  to  15  feet,  and 
it  traversed  ruagnesian  limestone.  It  was  filled  with  clay  and  barite, 
the  latter  both  crystalline  and  amorphous,  in  which  the  galena  was 
imbedded.  Specimens  of  blue  crystals  of  barite  have  been  found 
in  the  dumps  by  the  writer.    At  one  point,  between  what  were  knowu 
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as  the  Engine  and  North  shafts,  Dr.  King,  who  also  examined  this 
mine,  describes  a  "vast  cavern"  extending  from  the  first  level  almost 
to  the  surface,  with  an  average  breadth  of  nearly  5  feet,  and  from 
50  to  100  feet  in  height;  this,  he  states,  was  nearly  filled  with  pure 
galena.  Fig.  12  illustrates  the  conditions  of  development  at  that 
time. 
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LONGITUDINAL   SECTION    THROUGH   THE    VIRGINIA    MINE, 
IN    THE    PLANE    OF   THE    VEIN. 

The  Conlogue  Mine. 

This  mine  is  situated  in  Miller  county.  Though  the  yield  has 
not  been  very  large,  it  is  an  excellent  example  of  the  so-called  "cir- 
cle" deposits  of  the  central  district.  It  is  situated  in  the  N.  W. 
quarter  of  section  5,  township  41  N.,  14  W".  More  work  has  been 
done  and  more  ore  obtained  here  than  at  any  other  mine  in  Miller 
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county.     A  large  amount  of  shallow  surface-ore  was  found,  as  is 
attested  by  the  innumerable  pits  which  cover  the  hill-sides. 

Chief  interest  attaches  to  the  large  open  pit,  or  conical  chimney 
at  the  Pioneer  shaft.     This  is  illustrated  in  Fig.  13,  based  on  actual 
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Between  levels  o  and  b,  the 
opening  was  originally  filled 
with  surface  clay,  decomposed 
limestone,  etc.,  and  perhaps  some 
galena.  The  narrow  part,  6  to  c, 
in  the  magnesian  limestone,  was 
filled  with  broken  rock,  clay, 
sand,  barite  and  galena.  Barite, 
and  ore  in  quantity,  are  first 
struck  here.  The  cavity  from 
c  to  d  was  completely  filled  with 
ore-breccia — blocks  of  limestone, 
surrounded  by  clay,  sand,  etc., 
in  which  were  galena  and  barite 
throughout,  but  mostly  in  the 
outer  part.  The  sump,  e,  is  said 
to  be  in  clay  and  broken  rock  to 
the  bottom. 


measurements  by  writer.  The  galena,  as  seen  now  in  undisturbed 
pillars,  is  firmly  imbedded  in  calcite  or  barite,  which  line  cavities; 
in  the  breccia,  however,  which  originally  filled  the  cavity,  it  is  said 
to  have  been  loose,  and  the  whole  mass  was  excavated  with  pick  and 


Fig.  14. 
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shovel.  Sheets  of  barite  were  seen  attached  to  the  walls  of  the 
chamber,  and  galena  is  said  to  have  been  found  in  similar  sheets, 
both  attached  to  such  surfaces  and  penetrating  crevices  in  the  wall 
and  floor.     The  minerals  filling  cavities  are  disposed  somewhat,  as 
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Fig.  15. 


is  shown  in  Fig.  14.  Most  of  the  barite  occurs  in  crystalline  masses, 
clear  and  glassy,  like  calcite,  with  rhorabohedral  cleavage  and  appar- 
ently pseudomorphous  after  the  latter  mineral. 

This  deposit  was  examined  by  the  Geological  Survey  in  1873, 
when  it  was  being  worked,  and  is  described  by  Schmidt  as  of  circular 
shape,  30  to  40  feet  in  diameter,  and  increasing 
in  width  with  depth.  The  upper  part  was  filled 
with  red  tallow-clay,  and  the  lower  part  with 
masses  of  broken  limestone  altered  and  soft- 
ened, though  angular,  with  broken  sheets  of 
galena  and  barite  between.  Seams  of  galena 
extended  into  the  wall-rock  in  places,  and  some 
such  were  followed  as  much  as  40  feet.  Seams 
also  extended  below  the  bottom  of  the  shaft,  but 
the  enclosing  rock  became  harder.  Copper- 
pyrites  and  malachite  were  found  with  the  ba- 
rite. Galena  was  always  deposited  on  the  lime- 
stone while  the  barite  filled  the  remaining  space, 
sometimes  in  fine  crystals.  The  whole  mixture 
contained  from  5  to  10  per  cent,  of  galena. 
About  500  tons  were  estimated  to  have  been 
mined  here  up  to  May,  1874. 

Recently,  a  tunnel  has  been  driven  into  the 
hill-side  through  the  magnesian  limestone  coun- 
try-rock to  the  circle  or  central  pit  with  the 
idea  of  draining  the  latter  and  of  reaching  a 
large  body  of  ore  which  was  commonly  believed 
still  to  remain.  A  plan  of  this  tunnel  is  shown 
in  Fig.  15.  It  followed  an  ill-defined  vertical 
crevice  with  lens-like  expansions  containing 
galena  and  barite.  These  lenses  were,  in  cross- 
section,  a  foot  or  so  long  and  about  6  inches 
wide;  they  were  also  found  between  the  hori- 
zontal beds  of  the  wall-rock.  Their  disposition 
is  illustrated  by  Fig.  16,  from  a  sketch  of  a  face  open  cut  and  tunnel 

.  ,  T  „        .     .  OF  CONLOGUE    MINE. 

in  the  tunnel.  JNo  faulting-  movement  has 
taken  place  along  the  vertical  crevice.  The  galena  was  also  found 
in  thin  sheets.  In  all  such  cases,  however,  it  is  in  the  solid  unde- 
composed  rock,  with  no  clay,  though  barite  and  calcite  generally 
accompany  it.  The  magnesian  limestone  is  of  coarse  open  texture. 
Chert  is  imbedded,  in  nodules  and  lenticular  layers. 
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ORE   LENSES  IN    MAGNESIAN   LIMESTONE. 

VI. — The  Mode  of  Formation  of  the  Ore- Bodies. 

For  the  purpose  of  this  discussion  we  shall  consider  the  deposits 
in  the  following  order: 

1.  Deposits  filling  crevices,  chambers  or  caverns,  such  as  occur  in 
all  three  districts. 

2.  Brecciated  deposits  of  the  southwestern  and  central  districts. 

3.  Deposits  impregnating  the  country-rock  of  the  southeastern 
district. 

The  consideration  of  the  first  class  resolves  itself  into  (a)  How 
were  the  variously  shaped  cavities  formed?  (6)  How  was  the  filling 
effected  ?  These  questions  answered,  the  mode  of  formation  of  the 
breccia  is  the  principal  problem  which  presents  itself  in  connection 
with  the  second  class.  With  the  third,  it  then  remains  alone  to  be 
inquired  :   How  were  the  metalliferous  minerals  introduced? 

The  Formation  of  the  Cavities. — The  crevices  containing  ores  are 
principally  of  two  kinds:  1,  those  transverse  to  the  strata;  2,  those 
between  the  strata,  and  horizontal.  The  formation  of  both  of  these 
is  well  understood,  and  can  be  explained  in  a  few  words. 

From  what  has  already  been  said  concerning  the  geologic  history 
and  structure  of  southern  Missouri,  it  is  plain  that  this  has  been  an 
area  of  frequent  crustal  movements  ;  several  uplifts  and  depressions 
have  succeeded  each  other.  These  movements  produced  strains  of 
various   kinds,  resulting  in  fracturing,  faulting  and  some  flexing. 


LEAD-   AND   ZINC-DEPOSITS   OF   MISSOURI.  671 

Faults  necessarily  produced  vertical  openings  in  the  rock,  but  in 
addition  the  rocks  have  been  fractured  without  faulting  along  many 
lines,  forming  joint-planes.  Further,  they  are  massive  sediments, 
which,  covered  since  their  original  deposition,  have  probably  shrunk 
and  suffered  various  chemical  changes,  resulting  in  similar  fractures 
and  openings. 

In  the  intervals  between  different  submergences,  and  especially 
since  the  last  great  Carboniferous  uplift,  the  rocks  have  been  ex- 
posed at  the  surface,  and  have  been  subjected  to  prolonged  action  of 
atmospheric  waters  and  other  surface-agents  of  decay.  These  waters, 
sinking  into  the  ground,  naturally  chose  the  openings  along  faults 
and  joints  for  their  lines  of  flow.  Charged  with  carbonic  acid,  and 
probably  with  organic  acids  also,  they  exerted  a  corroding  action  on 
the  limestone  wall-rocks,  and  soon  widened  the  space  between  the 
planes  of  fracture.  Where  the  rocks  were  most  soluble,  or  the  agents 
most  aggressive,  the  action  was  quickest,  and  hence  arose  such  irreg- 
ularities as  chambers  or  caverns.  In  some  cases,  irregularities  of 
fault-plane  surfaces,  or  brecciation  caused  by  movements,  doubtless 
supplemented  this  effect.  Without  proceeding  to  further  detail  re- 
garding such  well-known  processes,  it  will  be  readily  understood 
how  the  crevices  and  associated  caverns  have  originated.  The  fact, 
well  illustrated  at  Bonne  Terre,  that  crevices  diminish  in  width  and 
die  out  with  depth,  is  proof  of  their  formation  largely  through  sur- 
face agencies.  The  character  of  the  filling  of  many  is  further  evi- 
dence, as  will  appear  later  in  this  paper. 

As  regards  horizontal  or  interbedded  cavities,  whether  these  be 
mere  barren  crevices  or  high  and  wide  chambers,  their  origin  in 
limestone  is  exactly  the  same  as  that  of  the  vertical  openings,  except 
as  to  the  localizing  causes.  Here,  movements  of  the  rocks  have  had 
probably  less  influence,  though  a  horizontal  slipping  of  the  strata 
may  have  occurred  at  places,  as  a  result  of  shrinkage  or  plication, 
producing  brecciation  and  crushing  of  the  rocks.  Generally,  how- 
ever, a  difference  in  composition  has  been  the  localizing  cause.  The 
downward  flow  of  surface-waters  along  vertical  crevices  may  be  ar- 
rested by  a  comparatively  impervious  stratum,  or  by  some  obstruc- 
tion just  at  such  a  stratum;  the  waters  would  then  seek  their  way 
along  the  top  of  the  bed,  dissolving  the  rocks  above  it;  or,  because 
of  differences  in  composition,  texture  or  structure,  one  bed  or  portion 
of  a  bed  may  be  more  pervious  or  soluble  than  another,  causing 
waters  to  flow  along  it  and  to  corrode  adjacent  walls.  This  is  the 
familiar  process  by  which  intricate  passages  and  chambers  or  caves 
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in  limestone  are  formed.  The  same  has  produced  the  cavities  in 
which  the  flat  or  horizontal  deposits  of  southeastern  Missouri  occur. 

The  Filling  of  the  Cavities. — We  have  seen  that  the  cavities  thus 
formed  are  filled  with  different  materials.  These  we  have  divided 
into  gangues  and  minerals.  The  gangues  are  principally  clays  and 
fragments  or  blocks  of  country-rock.  The  minerals  we  have  divided 
into  lead-  and  zinc-compounds  and  accessory  minerals. 

The  fragments  of  the  country-rock  are  readily  seen  to  be  derived 
from  the  walls  of  the  cavities.  Generally  they  are  such  as  are  found 
in  the  immediately  adjacent  walls.  Sometimes  they  may  have  been 
transported  from  more  or  less  remote  portions  of  the  cavity.  They 
are  never  foreign  to  the  country.  In  the  process  of  solution  and 
decay  of  walls  not  entirely  homogeneous,  it  is  natural  that  more  re- 
sistant portions  should  remain  in  place  or  fall  to  different  positions 
in  the  cavity.  Brecciatiou  along  planes  of  fracture  and  movement 
doubtless  often  supplements  this  action. 

The  clays,  which  sometimes  fill  these  cavities  almost  completely, 
cannot  be  explained  in  precisely  the  same  way.  The  wall-rocks  con- 
tain such  materials,  it  is  true,  but  not  in  anything  like  a  sufficient 
quantity  for  the  filling  to  be  merely  residuary  clay  in  place.  The 
great  bulk  of  these  clays  must  have  been  transported.  These  we 
refer  largely  to  surface-origin,  and  the  transporting  agent  was  water 
flowing  in  from  the  surface. 

The  decay  of  the  rocks  at  the  surface  has  been  very  great,  not  only 
during  recent  times,  but  also  in  past  geologic  epochs  of  emergence, 
and  especially  since  the  deposition  of  the  Lower  Carboniferous  lime- 
stone. The  corroded  and  pinnacled  exposures  attest  this.  The  great 
deposits  of  clay  at  present  found  we  can  but  regard  as  residuary  from 
such  decay.  Surface-waters  would  naturally  transport  the  finer 
products  of  this  decay  into  the  crevices  and  caverns  of  the  rocks, 
and  often,  when  in  volume,  would  carry  coarse  material  and  even 
rock-fragments  with  them.  The  clogging  of  a  cavity  at  any  point 
would  result  in  rapid  filling.  The  animal  remains  found  in  the  Wis- 
consin deposits  were  probably  introduced  in  this  way.  During  past 
epochs  of  emergence,  great  quantities  of  such  surface-residuum  must 
have  been  washed  in.  In  some  caverns  the  assorting  action  of  water 
is  shown  by  a  distinct  stratification  of  the  clays.  They  also  often 
fill  the  spaces  completely  from  top  to  bottom,  reaching  into  all  the 
irregularities,  such  as  pockets  and  crevices  of  the  corroded  roof. 
Only  through  introduction  in  a  nearly  liquid  condition  could  such 
filling  be  effected. 
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In  some  cases,  chemical  deposition  doubtless  supplemented  this 
process.  The  very  pure,  plastic,  tallow-like  clays  have  doubtless 
originated  in  this  way.  Gangues  of  crystalline  limestone,  completely 
filling  crevices,  have  also  been  deposited  from  solution,  as  have  also 
the  cherty  or  quartzose  matrices,  which  sometimes,  though  rarely, 
occur  in  deposits  of  this  class. 

The  substances  in  these  deposits,  which  we  have  classed  as  "  min- 
erals," have  all  been  deposited  from  solution,  generally  by  chemical 
reaction,  sometimes,  possibly,  by  concentration  and  evaporation. 
These  solutions  have  traversed  the  crevices,  and,  on  meeting  with 
suitable  reagents  or  suitable  physical  conditions,  the  various  minerals 
have  been  deposited  in  familiar  ways.  The  deposition  of  a  mineral, 
once  begun  at  any  point,  continues,  by  reason  of  the  law  of  affinity 
or  segregation  governing  the  separation  of  minerals  from  solution. 
The  question  of  the  source  of  these  solutions  or  of  the  contained 
minerals,  we  will  postpone  to  the  final  section  of  this  paper. 

The  Formation  of  the  Breccia-Deposits. — The  breccia- deposits  of 
the  southwest  are  the  products  of  the  action,  on  a  larger  scale,  of  the 
same  agents  as  have  formed  the  deposits  filling  crevices  and  caverns. 
The  limestones  have  been  dissolved  by  surface-waters,  and  the  brec- 
cias are  but  great  accumulations  of  residual  materials. 

As  is  shown  by  numerous  sections  of  the  rocks,  we  have,  in  the 
southwest,  to  thicknesses  of  hundreds  of  feet,  alternate  layers  of  chert 
and  limestone.  These  rocks  have  been  affected  by  crustal  move- 
ments producing  planes  of  jointing  and  fracture,  like  those  found  in 
other  parts  of  the  State.  The  limestones  here  are  probably  more 
soluble  and  the  solvents  have  been  stronger,  especially  during  the 
early  part  of  the  Coal-Measure  epoch,  when  the  district  was  on  the 
margin  of  the  swamps,  and  the  waters  were  highly  charged  with 
carbonic  and  organic  acids,  The  frequent  alternation  of  beds  of 
limestone  with  impervious  chert  beds  intensified  the  action  along 
certain  planes.  As  a  result,  the  limestones  were  dissolved  out  through 
great  thicknesses  and  over  large  areas,  and  their  removal  caused  a 
settling  of  the  ground  and  a  fracturing  of  the  chert  beds.  The  de- 
pressions thus  produced  caused  a  converging  and  increased  flow  of 
water,  inducing  further  dissolution  and  removal  of  the  limestone, 
and  further  settling  and  fracturing  of  the  indestructible  chert,  until 
it  was  ultimately  reduced  to  the  condition  of  a  breccia.  Into  these 
depressions,  and  thence  to  the  subterranean  cavities,  surface-waters 
naturally  carried  the  finer  residues  of  decay,  such  as  clays  and  sands, 
and  doubtless  often  dragged  coarser  materials,  thus  filling  all  spaces. 
vol.  xxiv. — 43 
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A  submergence  of  this  deeply  corroded  area  during  the  Coal- 
Measure  epoch  would  bring  more  fine  material  into  the  interstices 
of  the  breccia,  and  would  also  give  rise  to  the  formation  of  overlying 
later  deposits  in  the  surface-depressions.  Thus  have  been  formed 
the  shales  and  coal-pockets  of  this  country,  under  and  around  which 
many  of  the  so-called  "circle  deposits"  of  ore  have  been  worked. 
Later  subterranean  solution  would  result  in  further  settling  under 
such  pockets,  causing  the  beds  to  assume  steep  dips,  or  even  brecci- 
ating  them  and  transporting  the  fragments  to  greater  depths. 

The  minerals  of  this  breccia  have  been  introduced  as  have  been 
those  of  crevices  and  caverns;  the  nature  of  the  mineral  varying 
according  to  the  physical  or  the  chemical  conditions. 

The  Formation  of  Circle- Deposits. — To  be  included  under  the  head 
of  breccia  are,  furthermore,  the  fillings  of  those  peculiar  deposits  of  the 
central  district  known  as  "  circles."  These  are  well  illustrated  by  the 
High  Point  mine  in  Moniteau  county,  Smith's  mine  in  Cole  county, 
the  Conlogue  mine  in  Miller  county  (see  p.  667),  and  the  Ram  bo  mine 
in  Dallas  county.  They  are  essentially  deposits  filling  wide  circular 
cavities  or  chimneys  50  to  100  feet  in  diameter,  which  generally 
widen  out  laterally  with  depth,  down  to  certain  limits,  so  that  the 
space  occupied  within  the  surrounding  walls  has  the  shape  of  a  cone. 
The  most  natural  explanation  of  these  deposits  is,  that  they  are  fill- 
ings of  caves  which  had  vertical  openings  leading  to  the  surface.  In 
Fig.  17  is  given,  as  evidence,  a  plan  and  cross-section  of  the  well- 
known  Marble  cave  in  Stone  county,  made  from  actual  surveys  by 
Dr.  E.  O.  Hovey  and  Mr.  J.  D.  Robertson.  The  cross-section  of 
the  cavern  shows  that  its  shape  is  closely  that  of  the  described  cir- 
cular deposits.  We  have  the  same  conical  shape,  with  widening  of 
the  walls  downward.  In  the  center  is  a  conical  mass  of  debris,  con- 
sisting of  rock  derived  from  the  roof  and  surface.  Around  this  is 
an  annular  space.  If,  now,  the  outlet  downward  from  this  cave  were 
closed,  and  waters  carrying  surface  materials  were  introduced  at  the 
top,  the  whole  space  would  become  filled,  as  are  the  circle-deposits. 
The  annular  space  about  the  central  cone  of  debris  would  be,  subse- 
quently, the  most  ready  course  for  solutions  carrying  metalliferous 
and  other  minerals.  Thence  they  would  penetrate  inwards  into  the 
core  of  the  breccia  and  outwards  into  the  crevices  of  the  wall-rock. 
Hence  we  should  expect  the  greatest  concentration  of  these  minerals 
in  the  annular  space,  as  is  the  case  with  the  circle-deposits.  At  the 
bottom  of  the  cavity  is  the  floor  of  the  cave,  beyond  which  the  ore 
would  not  extend,  excepting  along  crevices.     Such  a  floor  is  also 
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found  in  the  circle-deposits  when   exploitation  has  proceeded  far 
enough. 

The  Impregnated  Deposits  of  the  Southeast. — Concerning  these  de- 
posits, we  will  only  say  that  the  minerals  have  been  introduced  into 
masssive  beds  of  magnesiau  limestone  by  solutions,  and  have  replaced 
particles  or  grains  of  the  rock  by  the  process  of  metasomatic  inter- 
change. The  reasons  for  this  conclusion  and  the  origin  of  the  solu- 
tions we  will  consider  under  the  next  heading. 

VII. — The  Origin  of  the  Metalliferous  and  Other 

Minerals. 

In  what  precedes,  we  have  taken  for  granted  the  introduction  of 
the  minerals  in  solution.  This  is  so  generally  accepted  by  authori- 
ties, regarding  not  only  these  but  the  majority  of  other  ore-deposits 
also,  that  the  assumption  is  warranted  ;  and  we  will  pass  at  once  to 
the  final  and  important  question,  Whence  came  the  solutions  and 
contained  minerals?  The  principal  hypotheses  advanced  are  as 
follows : 

1.  Original  or  simultaneous  deposition  with  the  rocks,  in  a  con- 
centrated condition,  from  oceanic  waters. 

2.  Derivation  from  great  depths  in  solutions  ascending  through 
profound  fissures,  from  which  the  minerals  were  deposited  in  cavities 
or  impregnated  the  rocks. 

3.  Original  diffusion  through  the  country-rocks,  and  subse- 
quent concentration  by  percolating  waters,  by  the  process  known  as 
secretion. 

4.  Original  diffusion  through  the  country-rocks  and  subsequent 
concentration  through  surface-decomposition  of  the  latter,  supple- 
mented by  percolating  waters. 

The  last  is  the  hypothesis  here  advocated.  Before  entering  upon 
argument  in  its  support  we  will,  however,  briefly  present  our  objec- 
tions to  the  acceptance  of  the  others. 

1.  The  Theory  of  Original  Deposition  in  a  Concentrated  Condition. 
— This  mode  of  formation  is  evidently  out  of  the  question  with  those 
deposits  filling  cavities  or  filling  interstices  of  breccia  formed  subse- 
quently to  the  rocks  in  ways  already  described.  It  is,  therefore, 
only  applicable  to  such  deposits  as  occur  in  beds  either  in  the  diffused 
or  disseminated  form  or  in  massive  sheets.  In  Missouri,  galena 
alone  occurs  in  those  forms.  Now,  though  it  may  be  chemically  pos- 
sible for  galena  and  such  rocks  as  are  found  in  the  southeast  to  be 
deposited  together,  it  does  not  seem   possible   under  natural  condi- 
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tions.  It  would  require  a  greater  quantity  or  greater  concentration 
of  metalliferous  minerals  in  the  sea-water  than  exists  or  probably 
ever  existed.  Animals  could  not  have  lived  in  such  solutions.  If 
the  ores  were  so  derived,  we  should  expect  the  deposits  to  be  of  wider 
and  more  generally  uniform  distribution  than  they  are,  especially 
where  the  lithological  characters  are  similar  and  the  evidence  of  dif- 
fusion of  organic  matter  is  about  equal.  Finally,  if  other  forms  of 
deposits  in  the  State,  with  some  of  which  these  disseminated  or  flat 
sheet  bodies  are  closely  associated,  cannot  be  explained  on  this  hy- 
pothesis, the  adoption  of  a  different  explanation  of  origin  merely 
because  of  difference  of  form  is  not  philosophical.  The  closest  ap- 
proximation to  this  hypothesis  is  Whitney's  explanation  of  the  Wis- 
consin ores.*  He,  however,  regarded  subsequent  segregation  as 
necessary.  Broadheadf  has  suggested  that  the  galena  in  the  state 
of  solution  replaced  "portions  of  the  limestone  beds  which  had 
previously  been  softened  by  acids."  He  states  that  the  limestones 
were  probably  first  formed,  but  whether  the  solutions  referred  to 
were  oceanic  or  traversed  the  rocks  in  crevices  is  not  stated. 

2.  The  Theory  of  Derivation  from  Great  Depths,  ete. — This  hy- 
pothesis claims  consideration  because,  with  many  ore-deposits,  it  is 
doubtless  a  true  one.  Its  strength  lies  in  the  probable  preponder- 
ance of  metals  at  great  depths  beneath  the  surface,  and  in  the  con- 
siderations that  subterranean  waters  are  of  high  temperature  and 
under  great  pressure,  and  are  consequently  powerful  solvents;  that 
the  relief  of  pressure  and  the  diminution  of  temperature  accompa- 
nying the  ascent  of  such  solutions  would  naturally  cause  the  depo- 
sition of  minerals.  The  obstacles  to  the  acceptance  of  the  hypoth- 
esis in  the  present  case  lie  in  local  conditions.  It  was  originally 
advanced  for  the  upper  Mississippi  valley  deposits  by  Owen|  and 
Percival.§  It  has  since  been  argued,  with  modifications,  by  others. 
The  most  recent  advocacy  has  been  in  papers,  published  within  a 
year,  by  Prof.  F.  Posepny||  and  Mr.  W.  P.  Jenney.T[  The  conclu- 
sions of  these  papers  have  already  been  considered  by  the  writer  in 
the  discussions,  and  also  in  an  article  in  the  Journal  of  Geology.** 

*  Report  Wis.  Geol.  Sur.,  1862. 
f   Trans.,  v.,  104. 

X  Rept.  Geol.  Explor.  of  a  part  of  Iowa,  Wis.,  and  IU„  1839. 
$  Ann.  Repts.  Wis.  Geol.  Surv.,  1855  and  1856. 
||  "The  Genesis  of  Ore- Deposits,"  Titans.,  xxiii.,  197. 
I"  "The  Lead-  and  Zinc- Deposits  of  the  Miss.  Valley,"  Trans.,  xxii.,  171. 
**  "  Notes  on  the  Lead-  and  Zinc- Deposits  o.f  the  Miss.  Valley,  and  the  Origin  of 
the  Ores,"  Jour,  of  Geol.,  vol.  i.,  p.  612. 
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"We  will  not  repeat  the  discussion  here,  but  refer  the  reader  to  the 
originals.  We  consider  the  hypothesis  inadequate  and  incompatible 
with  the  phenomena  and  geologic  history  of  the  region.  To  the 
arguments  already  advanced  may  be  added  that  many,  if  not  all, 
of  the  crevices  contract  and  diminish  in  ore-contents  with  depth,  and 
are  often  essentially  surface-phenomena.  Whitney  long  since  called 
attention  to  this  fact.*  The  Wisconsin  ores,  which  are  found  at  dif- 
ferent horizons  from  the  Lower  Magnesian  to  the  Galena  limestones, 
do  not  simply  extend  through  the  upper  strata  down  to  the  lower, 
but  characterize  the  exposed  portions  of  these  formations,  and  this 
only  to  certain  limited  depths. 

3.  The  Theory  of  Original  Diffusion  Supplemented  by  Lateral  Se- 
cretion.— The  application  of  this  theory  to  the  explanation  of  ore- 
deposits  in  general  has  been  quite  prevalent  during  the  past  twenty 
years.  It  was  stimulated  principally  through  Sandberger's  investi- 
gations and  publications  upon  the  presence  of  metals  in  rock-forming 
minerals.  In  this  country,  Emmons's  monograph  on  the  Leadville 
deposits  has  done  more  than  any  one  other  work  to  bring  the  theory 
into  prominence.  Sandberger's  and  Emmons's  investigations  were 
prompted  and  sustained  by  results  relating  to  the  presence  of  metals 
in  rocks  reached  by  Forchhammer,f  Bischoff,  Dieulafait,|  Richard- 
son ,§  and  others,  who  found  minute  quantities  of  lead  or  zinc  and 
other  metals  in  rocks  of  all  kinds.  Lead  and  zinc  occur,  moreover, 
in  a  large  number  of  minerals  of  which  they  are  not  essential  con- 
stituents ;  they  are  also  detectable  in  sea-water,  in  deep-sea  deposits, 
in  many  mineral  waters,  and  even  in  plants  and  animals,  all  of  which 
may  have  been  drawn  upon  to  supply  deposits. 

During  recent  years,  howrever,  strong  opponents  to  the  lateral- 
secretion  theory  have  appeared,  and  something  of  a  reactionary 
movement  has  obtained  ;  objections  and  obstacles  have  been  raised, 
and  in  some  cases,  doubtless,  the  inapplicability  of  the  theory  has 
been  shown.  The  sufficiency  of  the  metalliferous  contents  of  the 
country-rocks  has  been  questioned.  Prof.  A.  Stelzner||  investigated 
the  methods  of  analysis,  aud  concluded  that  Sandberger  had  not  de- 
termined decisively  whether  the  metals  in  the  minerals  were  original 

*  Repl.  Win.  Geol.  Sur.,  1862. 
f  Pogg.  Ann.,  xcv.,  p.  60. 

m.  de  Ch.  et  de  PL,  xxi.,  p.  256,  1880. 
\  Fremy,  Eney.  Chimique,  art.  "  Zinc,"  p.  3. 

||  Prof.   A.  Stelzner,   "  Die   Lateralsecretions-Theorie,"  Jahrbuch  der  k.  k.  Berg- 
akademien  zu  Leoben  und  Przibram,  1889,  xxxvii.,  p.  1. 
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constituents  or  secondary  impregnations  derived  from  the  ore-depo- 
sits. This  is,  of  course,  a  very  difficult  thing  to  prove  positively, 
yet  the  presence  of  the  metals  diffused  through  rocks  at  localities 
remote  from  deposits,  as  will  be  instanced  later,  is  strong  presumptive 
evidence  that  they  are  original  constituents. 

In  a  recent  paper  on  the  origin  of  lead-  and  zinc-deposits  in  solu- 
ble rocks,*  which  has  come  to  the  writer  through  the  kindness  of 
Professor  Posepny,  the  latter  lays  stress  upon  certain  objections  to 
the  lateral-secretion  theory,  which  seem  to  him  insuperable.  Briefly 
stated,  these  are:  1,  that  sulphides  are  not  formed  in  the  presence  of 
air,  and,  therefore,  cannot  have  been  deposited  in  the  surface  or 
"  vadose"  region,  and  must  have  beeu  formed  at  depths  (pp.  H  and 
54) ;  2,  that  lateral-secretion  is  only  conceivable  in  the  vadose  regions 
where  the  solutions  can  flow  into  cavities,  and  there  only  oxidized 
compounds  could  be  deposited  (p.  54) ;  3,  that  in  none  of  the  "  thou- 
sands of  analyses"  of  limestones  remote  from  ore-deposits  has  the 
presence  of  foreign  metals  been  shown  (p.  44) ;  4,  that  it  does  not 
seem  possible  that  the  whole  array  of  minerals  which  are  found  in 
ore-deposits  in  such  rocks,  including  Pb,  Zn,  Ag,  Au,  Cd,  Fe,  Mn, 
Co,  Ni,  etc.,  could  have  come  from  different  sources  and  directions 
than  the  metals  of  other  ore-deposits. 

Regarding  the  first  objection,  we  can  readily  conceive  air  to  be 
excluded  from  the  interstices  and  even  cavities  of  rocks  near  the 
surface,  and  oxidation  to  be  nil.  Though  it  is  probably  true  that 
oxidation  is  exclusively  a  vadose  phenomenon,  the  reverse  does  not 
follow  a. priori,  nor  does  experience  teach  us  that  it  does.  Posepny 
himself  cites  (p.  54)  the  formation  of  sulphides  through  the  influence 
of  organic  matter;  and,  where  the  latter  is  abundant  at  the  surface 
and  in  the  proper  condition,  deoxidation  and  the  deposition  of  sul- 
phides may  prevail. 

As  to  the  second  objection,  deposits  formed  by  lateral-secretion 
are  not  necessarily  cavity- fillings ;  segregation  and  replacement  of 
rock  by  metalliferous  solutions  is,  at  least,  as  possible  with  this  as 
with  other  processes. 

Professor  Posepny 's  statement  concerning  the  absence  of  foreign 
metals  in  limestones  is  difficult  to  reconcile  with  the  results  of  Forch- 
hammer  and  others  previously  referred  to.  Just  what  analyses  he 
refers  to,  we  do  not  know ;  of  course,  many  thousands  have  been 
made  of  limestones  in  which  no  thought  was  given  to  the  detection 

*  Ueber  die  Entstehung  der  Blei  und  Zinklagerstdtten  in  auflbdichen  Oesleinen.  By 
F.  Posepny,  Ber.  Allgem.  Bergmannstag  zu  Klagenfnrt,  1893. 
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of  these  metals,  and  which,  moreover,  were  not  sufficiently  refined 
to  reveal  the  presence  of  very  minute  quantities.  Mr.  Robertson's 
results,  quoted  later,  suggest  that  this  may  be  the  explanation.  The 
statement  certainly  does  not  hold  true  for  the  limestones  of  the  Mis-- 
sissippi  valley. 

Concerning  the  final  objection,  the  mere  presence  of  a  long  array 
of  metals  in  deposits  of  the  class  under  consideration  seems  to  the 
writer  to  have  little  or  nothing  to  do  with  the  questions  of  their  im- 
mediate origin  and  mode  of  accumulation.  Their  relative  quantities 
have,  perhaps,  more  direct  bearing.  On  any  theory  deserving  recog- 
nition, all  the  metals  of  our  ore-deposits  are  constituents  of  the 
earth's  crust.  It  is  natural  to  infer  that  they  would  be  diffused 
through  its  rocks  as  well  as  segregated  in  deposits,  and  that  the 
amounts  so  diffused  would  be  somewhat  proportional  to  the  solubili- 
ties of  their  more  common  compounds. 

Some  opponents  and  some  advocates  of  the  theory  of  lateral-secre- 
tion have,  apparently,  a  narrow  conception  of  it.  They  would  re- 
strict the  source  of  the  ores  to  the  rocks  immediately  contiguous  to 
the  ore-body  and  allow  only  lateral  flow  of  solutions.  A  broader 
conception  of  the  theory  permits  the  minerals  to  have  been  derived 
from  any  or  all  of  the  country-rocks,  and  recognizes  that  solutions 
may  traverse  these  rocks  in  all  directions,  according  to  local  condi- 
tions. Thus,  the  solutions  may,  in  one  case,  rise,  and,  in  one  sense, 
come  from  below;  in  another  case  they  may  descend,  and  thus  come 
from  above;  again,  they  may  flow  into  a  cavity  from  the  sides. 
The  distribution  of  the  minerals  in  any  body,  whether  attached  to 
the  roof,  sides  or  bottom  of  a  cavity,  is,  hence,  immaterial.  The 
theory  may  thus  grade  at  times  into  that  of  the  derivation  by  solu- 
tions from  depths.  A  main  point  of  difference  is,  that  the  flow  of 
the  solutions  is  generally  controlled  by  ordinary  hydrostatic  condi- 
tions rather  than  by  volcanic  agents. 

Some  opponents  of  the  theory  decry  it  upon  the  grounds  that  it  is 
a  convenient  one,  and  can  be  argued  from  the  laboratory  and  office 
without  the  trouble  of  field-work  and  mine  studies.  We  see  no 
justification  for  this  accusation.  Knowledge  of  the  actual  conditions 
is  as  necessary  in  the  one  case  as  in  the  other. 

To  explain  the  Upper  Mississippi  valley  ores,  lateral -secretion  has 
been  used  to  some  extent  by  Whitney,  but  principally  by  Chamber- 
lin.*     Even  with  the  latter,  however,  it  was  secondary,  the  original 

*  Report  Wis.  Geol.  Sur.,  1877,  vol.  iv. 
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concentration  being  attributed  to  oceanic  currents.  That  it  is  a  fac- 
tor in  the  formation  of  these  deposits  we  also  recognize.  But  that  it 
is  per  se  sufficient  to  supply  the  great  bodies  of  ore  of  many  of  the 
Missouri  deposits  we  do  not  believe,  even  though  such  local  concen- 
trations exist  as  Chamberlin's  hypothesis  would  provide  for.  The 
country-rocks  surrounding  the  large  ore-bodies  do  not  present  the 
leached  appearance  which  would  seem  a  necessary  result. 

A  modification  of  this  theory  has  been  proposed  by  F.  L.  Clerc* 
He  advocates  the  view  that  the  ores  were  derived  from  the  patches 
of  Coal-Measure  shales  which  are  so  abundant  in  southwestern  Mis- 
souri. As  instrumental  in  effecting  this  result,  he  requires  a  Quar- 
ternary  submergence,  during  which  the  ores  diffused  through  these 
shales  were  leached  out  and  deposited  in  the  underlying  breccias. 
An  objection  to  this  proposition  is,  that  such  Coal-Measure  pockets 
are  by  no  means  always  associated  with  the  deposits.  Moreover, 
they  are  not  readily  traversed  by  waters,  being,  on  the  contrary, 
dense  and  impervious.  Finally,  if  derived  from  these  rocks,  we 
should  expect  to  find  bodies  of  ore  in  the  interior  of  the  Coal- 
Measures. 

Mr.  Carl  Henrich,  in  a  recent  description  of  the  Webb  City  de- 
posits^ refers  to  the  bitumen  of  the  limestones  as  instrumental  in 
the  reduction  and  deposition  of  the  sulphides. 

Mr.  Nason,  from  his  observations  in  Missouri,  is  opposed  to  the 
idea  that  the  lead-  and  zinc- ores  were  derived  from  the  depths. £  He 
states  that  there  is  no  evidence  of  deep-seated  thermal  springs,  and 
that  all  the  evidence  is  in  favor  of  a  downward  circulation  of  the 
waters  and  of  a  transmission  of  metalliferous  compounds  from  above 
to  the  lower  levels. 

4.  Concentration  through  Surface- Decomposition. — This  hypothesis, 
which  we  now  formally  advance,  starts  with  the  proposition  that  the 
metalliferous  minerals  originally  existed  in  the  Archean  rocks,  either 
in  a  diffused  condition  or  in  veins.  With  the  decay  of  these  early- 
formed  rocks  the  minerals  became  diffused  through  later  sediments, 
this  diffusion  being  quite  uniform  over  contiguous  areas.  The  suc- 
cessive decay  of  successively-formed  rocks  simply  resulted  in  a  trans- 
fer of  these  minerals. 

This  hypothesis  so  far  agrees  with  Chamberlin's,  in  that  it  recog- 
nizes the  presence  of  minerals  in  the  country-rocks  and  the  deriva- 

*  Lead-  and  Zinc-  Ores  of  S.  W.  Mo. 

f  "Zinc  Blende  Mines  and  Mining,  near  Webb  City,  Mo,"  Trans.,  xxi.,  3. 

X  Discussion,  Trans.,  xxii.,636. 
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tion  of  the  deposits  from  them.  It  differs,  however,  in  maintaining 
a  condition  of  general  diffusion  rather  than  one  of  concentration  over 
certain  favored  areas.  Chamberlin's  hypothesis  of  oceanic  currents  has 
always  seemed  to  the  writer  inadequate  and  too  theoretical.  It  does 
not  meet  the  facts  of  the  differences  in  the  ages  of  the  rocks  in  which 
the  deposits  are  found.  His  diagram  exhibits  the  currents  of  Silu- 
rian times,  while  the  deposits  of  southwestern  Missouri  are  in  Lower 
Carboniferous  rocks. 

According  to  our  theory,  the  concentration  is  entirely  subsequent 
to  the  formation  of  the  rocks.  It  is  primarily  the  result  of  great 
and  long-continued  surface-decay  of  the  rocks,  and  secondarily  the 
result  of  locally  favorable  physical  and  chemical  conditions,  impor- 
tant examples  of  which  we  will  enumerate  later. 

Recent  studies  of  Mr.  W.  P.  Blake  in  the  Wisconsin  area  have 
caused  him  to  express  views  in  a  recent  paper*  which,  as  the  writer 
interprets  them,  must  lead  to  similar  conclusions.  He  recognizes  the 
presence  of  faults  there,  but  does  not  seem  to  see  that  they  indicate 
a  deep  source  for  the  ore.  On  the  contrary,  he  regards  the  evidence, 
all  things  considered,  as  favoring  lateral  secretion  combined  with  a 
descent  by  solution.  He  favors  an  original  general  dissemination  of 
the  ores  in  the  masses  of  the  strata,  "from  which  during  de- 
composition they  are  drawn  or  leached  and  finally  concentrated  in 
the  fissures  or  crevices."  The  method  of  doing  this  he  expresses  in 
the  following  words  (p.  628) : 

"The  evidence  is  strongly  in  favor  of  the  view  of  the  long-continued  decomposi- 
tion, downward  flow  and  re-composition  of  not  only  the  ores  of  zinc,  but  of  lead 
and  of  the  pyrite  from  the  upper  formations  to  the  lower,  as  the  general  water-level 
of  the  region  subsided,  and  as  the  upper  formations  by  long-continued  exposure 
through  geologic  ages  were  gradually  decomposed  in  places.  By  such  a  process  the 
present  zinc-deposits  would  seem  to  have  accumulated  and  to  represent  the  origi- 
nally diffused  ores  in  many  formations,  possibly  as  high  in  the  geologic  scale  as 
those  of  Missouri  or  the  Lower  Carboniferous.  This  is,  however,  improbable, 
owing  to  the  dense  and  impervious  nature  of  the  intervening  Hudson  River 
shales." 

Faulting,  Mr.  Blake  considers  an  indirect  cause  in  localizing  the 
ores.  The  original  deposition  of  the  sulphides  from  the  sea  he  at- 
tributes to  the  decomposition  of  organic  matter.  He  suggests  that 
an  incursion  of  hydrocarbon,  perhaps,  caused  by  dislocations,  may 
have  also  produced  this  result.  The  presence  of  the  bituminous 
shale,  known  as  "oil  rock,"  at  the  base  of  the  Trenton,  he  empha- 

*  Discussion,  Trans.,  xxii.,  621. 
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sizes  as  significant  in  this  connection.  The  ore-bodies  often  termi- 
nate with  this  and  spread  out  along  the  upper  surface  of  it.  If  it 
did  not  determine  the  original  deposition  of  the  ore,  he  concludes 
that  it  certainly  had  a  strong  secondary  influence. 

With  reference  to  the  surface-decay  of  the  rocks,  he  makes  the 
following  statement,  of  special  interest  in  this  connection  : 

"  It  is  a  significant  fact  that  the  lead-producing  region  has  not  been  glaciated, 
while  the  glaciers  extended  over  the  adjoining  regions.  This  evidence  is  in  favor 
of  the  view  that  the  deposits  have  been  formed  by  leaching  downward,  the  ungla- 
ciated  area  having  been  long  exposed  to  atmospheric  agencies  and  decomposition, 
without  removal,  while  the  rocks  were  decomposed  in  situ.  Similar  conditions 
prevailed  in  Missouri;  where,  according  to  Dr.  Jenney,  the  land  has  been  above 
water  from  the  beginning  of  the  Carboniferous  period  to  the  present  time." 

To  place  the  hypothesis  on  a  firm  foundation,  it  is  necessary,  first, 
to  present  evidence  of  the  truth  of  the  fundamental  proposition  that 
the  metals  are  diffused  through  the  country-rocks. 

In  Chapter  II.  of  the  Survey  Report  we  have  made  certain  state- 
ments and  have  quoted  certain  results  indicating  the  general  diffu- 
sion of  minute  quantities  of  lead  and  zinc  in  minerals,  rocks,  and 
ground-waters.  These  we  have  briefly  referred  toon  page  678  of  this 
paper.  To  bring  the  evidence  nearer  home,  a  series  of  examinations 
of  Missouri  rocks  was  undertaken.  These  were  conducted  by  Mr. 
Robertson  with  great  care  and  after  much  preliminary  experimenta- 
tion.* Duplicate  and  sometimes  triplicate  analyses  were  made  in 
order  to  confirm  the  results.  Working  with  such  bulky  samples  as 
were  necessary,  a  great  amount  of  time  and  labor  was  involved. 
The  samples  were  mostly  collected  by  the  writer  in  person,  and  the 
analytical  work  was  done  in  the  survey  laboratory.  Some  were 
collected  at  considerable  distances  from  known  bodies  of  ore,  and 
some  are  from  points  outside  of  the  mining  districts  entirely.  An 
abstract  of  the  results  of  this  investigation  is  given  in  the  table  on 
the  following  page. 

Similar  small  quantities  of  copper,  manganese,  and  barium  were 
found  in  all  of  the  specimens.  Full  details  of  the  results  of  analy- 
sis and  descriptions  of  the  specimens  will  be  given  in  the  Report  of 
the  Geological  Survey. 

This  investigation  is  a  convincing  demonstration  that  the  impor- 
tant elements  of  the  ore-bodies  in  question  are  present  in  the  rocks. 

*  A  description  of  the  methods  of  analysis  pursued  is  given  in  Appendix  B  of 
the  Report  of  the  Geological  Survey. 
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Metalliferous  Contents  of  Missouri  Rocks. 
(J.  D.  Robertson,  Anal.) 


Lead. 

Zinc. 

Archean  Rocks: 

Range  of  8  Analyses  of  4  Specimens... 

Per  cent. 
0.00197  to  0.00680 

Per  cent. 
0.00139  to  0.01760 

Silurian  Magnesian  Limestones  : 
Range  of  12  Analyses  of  6  Specimens... 

Trace  to  0.00156 

Trace  to  0.01538 

Lower  Carboniferous  Limestones: 
Range  of  15  Analyses  of  7  Specimens... 

Trace  to  0.00346 

Trace  to  0.00256 

The  amounts  of  metallic  lead  vary  from  about  .0.0004  to  0.007  per 
cent.,  of  metallic  zinc  from  about  0.0002  to  0.018  per  cent.,  and  of 
copper,  manganese,  and  barite  there  are  correspondingly  small 
amounts.  The  largest  percentages  of  the  metals  appear  to  be  in  the 
crystalline  rocks.  The  number  of  analyses  is  not  sufficient  to  estab- 
lish this  finally;  but,  if  true,  this  relation  is  in  harmony  with  the 
idea  of  the  derivation  of  the  metalliferous  contents  of  the  limestone 
from  the  pre-existing  crystallines.  Were  the  metalliferous  contents 
due  to  secondary  impregnations  from  fissures,  we  should  expect  to 
find  a  smaller  proportion  in  the  comparatively  impermeable  crystal- 
line rocks.  The  presence  of  both  lead  and  zinc  in  a  specimen  of 
limestone  from  Louisiana,  which  is  north  of  the  Missouri  river  and 
remote  from  the  mining  districts,  supports  the  belief  that  these  metals 
are  generally  diffused.  Moreover,  the  amounts  contained  are  greater 
than  in  some  of  the  limestones  from  the  very  center  of  lead-  and 
zinc-mining. 

Averaging  the  contents  of  the  limestones,  we  obtain  the  following 
results : 

.001009  per  cent,  metallic  lead  =  .00117  per  cent,  galena. 

.00239  per  cent,  metallic  zino  =  .00357  per  cent,  blende. 

This  is  equivalent  to  : 

0.00198  pounds  galena  to  1  cubic  foot  of  rock. 

0.00603  pounds  of  blende  to  1  cubic  foot  of  rock. 

From  this  the  contents  of  different  areas  may  be  calculated  as  fol- 
lows : 

87  pounds  galena  per  acre,  1  foot  thick. 

27.8  tons  galena  per  square  mile,  1  foot  thick. 

13,900  tons  galena  per  square  mile,  500  feet  thick, 

261  pounds  blende  per  acre,  1  foot  thick. 
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83.6  tons  blende  per  square  mile,  1  foot  thick. 

41,500  tons  blende  per  square  mile,  500  feet  thick. 

From  these  figures  we  see  that  the  metalliferous  contents  of  500 
feet  of  limestone,  covering  about  3  square  miles,  is  equal  to  our  an- 
nual production  of  lead-  and  zinc-ores;  while  the  contents  of  about 
70  square  miles  equals  the  total  production  of  lead-ore,  and  the  con- 
tents of  about  30  square  miles  the  total  production  of  zinc-ore  to  the 
present  date. 

It  thus  appears  that,  on  this  hypothesis,  which  does  not  require 
that  the  ores  of  the  deposits  should  come  from  the  immediately  ad- 
jacent walls,  the  metalliferous  contents  of  the  country-rocks  are 
ample  to  supply  our  ore-bodies. 

The  fact  that  the  relative  amounts  of  blende  and  galena  in  the 
rocks  are  proportional  to  the  present  annual  production  of  these  ores, 
must  be  regarded  as  a  coincidence.  Were  the  relation  maintained 
in  the  case  of  the  total  productions,  and  were  lead-  and  zinc-ores 
both  equally  abundant  in  all  of  the  mining  districts,  the  fact  would 
be  a  strong  confirmation  of  the  hypothesis. 

The  combinations  in  which  the  metals  and  other  minerals  exist 
in  the  rocks  could  not  be  determined  with  the  means  at  hand.  It 
is  probable  that  these  are  carbonates,  sulphates,  sulphides,  and  sili- 
cates. Whether  one  or  all  of  these,  it  may  be  assumed  that,  with 
the  general  decay  of  the  country-rock,  these  minerals  would  be 
affected  also  and  would  pass  into  solution,  at  least  in  part.  A  por- 
tion of  such  solutions  would  flow  off  in  surface-waters  and  streams, 
and  would  be  transported  long  distances  to  be  emptied  into  some  lake 
or  lagoon  or  to  pass  into  the  ocean.  Portions  would  percolate  down- 
ward and  enter  the  rocks.  Where  crevices  existed,  or  where  depres- 
sions were  formed,  the  waters  would  converge  and  the  flow  would 
be  more  abundant.  Where  physical  and  chemical  conditions  were 
favorable,  deposition  of  minerals  would  take  place,  the  amounts 
being  proportional  to  the  strength  and  volume  of  the  solutions. 
Favorable  physical  conditions  are  open  cavities,  inter-fragmental 
spaces  of  breccias,  pores  in  massive  rocks,  etc.  Favorable  chemical 
conditions  are,  principally,  the  presence  of  reducing  agents,  such  as 
organic  matter,  which  was  doubtless  the  main  agent  in  the  precipi- 
tation of  the  ores. 

These  facts  determined,  and  conceding  that  the  above  outlined 
processes  are  not  only  possible  but  reasonable,  what  evidence  do  we 
find  in  the  geologic  history  and  conditions  of  the  deposits  that  such 
has  been  their  mode  of  formation  ? 
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In  answer  to  this  question,  we  direct  attention  again  to  the  fact 
that  this  region  has  been  one  of  great  and  long-continued  subaerial 
decay  during  different  geologic  periods.  From  the  beginning  to  the 
present  time,  many  hundreds  of  feet  of  rock  must  have  been  re- 
moved. That  the  Wisconsin  area  has  had  a  similar  history,  is  con- 
firmation of  the  belief  that  this  cause  has  been  influential.  The 
great  length  of  the  erosion-period  is  referred  to  by  Blake,  and  was 
noticed  by  Whitney,  Strong,  and  Chamberlin  ;  but  its  full  bearing 
upon  the  ore-deposits  does  not  seem  to  have  been  appreciated.  The 
derivation  of  the  deposits  from  the  whole  mass  of  the  country-rocks, 
and  not  simply  from  those  immediately  adjoining  the  deposits,  an- 
swers an  objection  raised  by  Dr.  Jenney  to  the  theory  of  lateral 
secretion ;  and  the  source  of  the  magnesia  of  the  dolomites  of  the 
southwestern  Missouri  ore  breccias  is  thus  also  readily  explained. 
Moreover,  the  theory  accounts  for  the  essentially  superficial  nature 
of  most  of  the  ore-bodies.  This  condition  exists  in  Wisconsin,  and 
is  described  by  Whitney,  Chamberlin,  and  Blake.  It  is  also,  un- 
doubtedly, a  characteristic  of  the  Missouri  deposits,  though  the  dis- 
seminated ores  of  the  southeast  seem  exceptions.  Through  the  deri- 
vation of  the  minerals  from  above,  we  can  explain  the  filling  of  those 
crevices  and  other  cavities  found  in  Missouri,  which  diminish  in  size 
and  ultimately  terminate  downward.  Finally,  this  theory  offers  an 
explanation  for  the  association  of  bulky  deposits,  like  those  of  lead 
and  zinc,  with  the  comparatively  soluble  limestones,  a  fact  observed 
and  commented  upon  by  all  students  of  ore-deposits.  The  decay 
of  these  rocks  in  large  volumes  furnishes  correspondingly  large  de- 
posits. 

These  are  the  general  conditions  which  are  in  harmony  with  the 
hypothesis.  Next  to  be  considered  are  the  local  and  special  condi- 
tions. Do  they  yield  additional  support?  Or,  putting  the  question 
in  another  form,  are  they  readily  explicable  in  this  way?  We  think 
so,  in  great  part  at  least.  The  occurrences  being  local  and  special, 
however,  are  attributable  to  special  conditions  prevailing  at  certain 
times  and  places. 

Taking,  first,  the  southwestern  Missouri  district,  we  have  there 
great  bodies  of  breccia  impregnated  with  ore.  These  breccias  fill 
large  spaces  or  "caverns"  in  the  country-rock  which  have  resulted 
from  surface-decay.  The  breccias  are  composed  of  residuary  mate- 
rials, associated  with  metalliferous  and  other  minerals.  They  are 
in  Lower  Carboniferous  limestone,  and  must  hence  have  been  formed 
later.     We  have  already  emphasized  the  fact  that,  immediately  after 
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this  epoch,  before  or  during  the  early  Coal-Measures,  there  was  a  time 
of  vigorous  erosion.  This  doubtless  affected  not  only  the  marginal 
Lower  Carboniferous  rocks,  but  the  Silurian  magnesian  limestones 
of  the  interior  also.  With  the  emergence,  after  the  deposition  of 
the  Lower  Carboniferous  limestones,  the  rainfall  was  probably 
great  and  drainage  abundant.  The  geological  map  shows  a  tongue 
of  Lower  Carboniferous  extending  from  southwestern  Missouri 
eastward  into  the  Ozark  area.  This  probably  marks  the  site  of  a 
former  estuary  towards  which  drainage  converged.  Thus,  a  great 
volume  of  water  probably  flowed  into  this  basin,  bringing  with  it 
the  products  of  decomposition  of  the  magnesian  limestones  and  other 
rocks  to  the  east.  To  this  source  we  attribute  the  magnesia  which 
dolomized  the  Carboniferous  limestones  in  the  earlier  stages  of  the 
erosion  of  the  Jasper  county  area.  After  this,  as  the  Coal-Measure 
epoch  developed,  vegetation  became  dense,  swamps  were  formed, 
vegetable  matter  began  to  decompose,  and  coal-beds  to  accumulate. 
Here,  then,  were  furnished  almost  perfect  conditions  for  the  reduc- 
tion of  the  ores  in  solution.  Already  great  quantities  of  residuary 
materials  had  accumulated  from  the  decay  of  the  Lower  Carbonif- 
erous rocks  in  situ.  In  addition,  the  drainage  was  constantly  sup- 
plying new  solutions  and  matter  in  suspension  from  a  distance;  and 
upon  all  of  these  the  organic  matter  acted.*  Ideal  physical  condi- 
tions were  furnished  by  sink-holes,  caverns,  etc.,  filled  with  breccia, 
as  have  been  described.  Under  these  circumstances,  the  deposition 
of  the  ore  must  have  been  rapid  and  abundant.  The  silicification 
which  gave  rise  to  the  secondary  cherts  of  the  ore-bodies  must  have 
taken  place  at  the  same  time  or  shortly  after.  To  the  post-Lower 
Carboniferous  or  early  Coal-Measure  epoch,  we  therefore  assign  the 
formation  of  the  principal  deposits  of  southwestern  Missouri. 
Others  were  doubtless  formed  at  other  times,  and  later  additions 
may  have  been  made  to  these,  but  that  was  the  time  of  greatest  ac- 
tivity. These  were  the  special  conditions  of  time  and  place  which 
supplemented  the  general  conditions  of  surface-decay  in  producing 
the  deposits  of  the  southwestern  district. 

The  origin  of  those  deposits  of  the  southwestern,  and  also  of  the 

*  As  bearing  upon  the  chemistry  of  the  process,  we  quote  the  following  from 
Bischoff's  Chemical  Geology: 

"Water  saturated  with  carbonic  acid  dissolves  jyW  °f  ^s  weight  of  artificial  car- 
bonate of  zinc.  Sulphuret  of  potassium  precipitates  from  this  solution  white  sul- 
phuret  of  zinc.  If,  therefore,  water  contains  alkaline  or  earthy  sulphate,  organic 
matter,  and  carbonate  of  zinc,  the  conditions  for  the  formation  of  zinc-blende  are 
complete." 
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central  and  southeastern  districts,  which  occur  in  vertical  crevices  or 
cavities  of  other  shapes  and  attitudes,  we  ascribe  to  the  convergent 
flow  of  waters  which  had  leached  surface-residues  and  had  passed 
through  decomposing  rocks.  The  cavities  furnished  the  requisite 
physical  conditions,  and  the  chemical  condition  necessary  was  the 
presence  of  organic  matter.  This  probably  existed  in  all  epochs, 
but  was  most  abundant  during  the  Coal-Measures ;  and  this  was 
doubtless  the  time  of  maximum  enrichment  of  these  deposits  also. 
The  finding  of  galena  and  blende  within  the  very  coal-beds  of  out- 
lying marginal  coal-pockets  shows  the  influence  of  carbon  in  their 
deposition.* 

The  distribution  and  character  of  the  disseminated  ores  of  the 
southeast  are  more  difficult  to  explain.  Though  they  are  often 
mined  at  considerable  depths,  they  are  also  found  near  the  surface. 
One  of  the  principal  determining  causes,  we  think,  was  the  original 
open  structure  of  part  of  the  rock.  This  is  often  observable  now, 
and  especially  characterizes  ore-bearing  strata.  Second,  a  prevalence 
of  organic  matter  in  certain  strata  or  along  certain  horizons,  as  indi- 
cated by  a  darker  color  now  often  seen,  had  doubtless  some  influence. 
Again,  the  various  shale-beds  probably  limited  and  guided  the  flow 
of  the  solutions,  as  referred  to  in  describing  the  Bonne  Terre  depos- 
its above. 

The  vertical  and  other  crevices  undoubtedly  acted  as  channels  for 
the  flow  of  the  solutions.  The  sheets  of  galena  frequently  found  in 
these  crevices  prove  that  the  solutions  followed  them.  These  were 
sufficient  to  supply  the  ore  of  higher-lying  disseminated  bodies. 
The  contraction  and  disappearance  of  the  crevices  with  depth  makes 
them  inadequate  for  explaining  the  deep  deposits,  such  as  prevail 
along  Flat  river.  For  these  ores  we  suggest  the  underlying  sand- 
stone, which  is  in  close  proximity,  as  the  solution-carrier.  This  is 
saturated  with  water,  much  of  which  flows  directly  from  decompos- 
ing crystalline  rocks.  The  sandstone  itself  contains  particles  and 
fragments  of  these  rocks,  which  must  hold  more  or  less  of  the  metals. 

*  The  question  may  suggest  itself  here,  why,  if  the  Coal-Measure  epoch  was  so 
favorable  for  the  deposition  of  ores,  such  are  not  found  in  bodies  within  the  coal- 
area  proper.  Our  answer  to  this  is,  that  as  the  metalliferous  contents  and  products 
of  decomposition  of  the  rocks  were  reduced  and  precipitated  in  the  interior  of  the 
Ozark  uplift  or  along  the  margin,  little  remained  to  be  carried  far  from  the  shore- 
line and  that  little  became  diffused  in  the  Coal-Measure  seas.  Instances  of  the 
occurrence  of  both  lead-  aud  zinc-compounds  in  small  quantities  are,  however, 
common  in  the  Coal-Measures ;  those  of  Miami  and  Linn  counties  in  Kansas  are 
the  most  noteworthy. 
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A  downward  flow  of  water  towards  Flat  river  and  Bonne  Terre  is 
induced  by  reason  of  the  slope  of  the  Archean  floor,  and  also  prob- 
ably by  the  Farmington  anticline  to  the  east,  which  we  have  illus- 
trated in  Fig.  2.  The  water  is  thus  under  pressure  sufficient  for  it 
to  rise  up  through  the  limestone  and,  where  suitable  physical  and 
chemical  conditions  are  reached,  the  deposition  of  the  ore  can  take 
place. 

We  are  inclined  to  think  that  the  formation  of  the  ore  is  still  in 
progress ;  the  finding  of  galena  on  calcite  crystals  already  referred  to 
(p.  662)  is  evidence  of  this.  In  the  southeast,  as  elsewhere,  however, 
the  Coal-Measure  epoch  furnished  probably  the  most  favorable  con- 
ditions. Decomposing  organic  matter  was  doubtless  introduced  into 
the  rocks  through  solutions.  The  proximity  of  the  Illinois  coal- 
field had  probably  also  a  localizing  influence. 

We  have  thus  given  in  some  fulness  a  statement  of  the  causes  and 
processes  involved  in  the  formation  of  these  deposits.  We  think  the 
conclusions  rest  upon  a  good  foundation  of  facts*  Still,  there  is 
much  which  it  is  difficult,  if  not  impossible,  to  explain  with  our 
present  knowledge.  Much  must  be  left  for  future  investigation  ; 
but  we  feel  that  these  results  will  be  serviceable  in  directing  it. 
The  causes  controlling  the  localization  of  the  deposits  should  be  in- 
quired into.  Additional  analyses  should  be  made  which  will  permit 
generalization  as  to  the  distribution  and  relative  quantities  of  the 
metals  in  the  different  rocks,  and  as  to  the  combinations  and  condi- 
tions in  which  they  exist.  Careful  examination  of  residuary  clays 
will  furnish  valuable  data.  Observations  should  be  continued  to 
detect  whether  ores  are  at  present  in  process  of  formation,  especially 
galena  and  blende.  If  so,  why  do  we  find  the  observed  parageuesis 
of  the  minerals?  The  chemistry  of  the  processes  of  solution  and 
deposition  of  the  ores  needs  further  investigation.  These  are  some 
of  the  problems  to  be  attacked ;  others  will  suggest  themselves  to 
the  careful  reader  and  observer. 
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BY  T.  A.  RICKARD,  DENVER,  COLORADO. 

(Bridgeport  Meeting,  October,  1894.) 

In  southeastern  France,  among  the  magnificent  alpine  masses  of 
the   Dauphine,  there   is   a    group  of    celebrated  mines   of  silver-, 
nickel-  and  cobalt- ores,  the  deposits  of  which  present  many  features 
vol.  xxiv. — 44 
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of  interest.  In  1891  I  directed  the  work  done  at  the  Chalanches, 
and  at  that  time  made  the  notes  upon  which  the  present  paper  is 
based. 

The  workings  consist  of  a  complex  series  of  adit-levels  entering 
the  heart  of  a  mountain,  the  summit  of  which  is  one  of  the  lower 
peaks  of  the  Belledonne,  in  the  commune  of  Allemont,  and  over- 
looking the  valley  of  the  Romanche  and  its  tributary,  the  Eau 
d'Olle.  The  lower  adits  are  3700  feet  above  the  village  of  Alle- 
mont, or  7250  feet  above  sea-level. 

Historical. 

The  discovery  of  these,  as  of  many  other  notable  mines,  was  acci- 
dental. In  1767,  Marie  Payen,  a  shepherdess  (bergere)  of  Alle- 
mont, found  an  outcrop  of  silver-ore,  and  brought  away,  in  ignorant 
curiosity,  a  lump  of  heavy  stone,  which  she  handed  to  the  village 
smith.  When  tested  on  his  forge,  the  molten  silver  trickled  from 
it.  The  shepherdess  received  600  francs  upon  her  wedding-day  as 
a  reward  for  the  discovery.*  Thereupon  some  of  the  peasants  of  the 
commune  began  to  dig  and  to  smelt  the  silver-chloride  ores,  the 
croppings  of  which  they  traced  down  the  mountain-side.  The  ex- 
ploitation thus  inaugurated  continued  with  but  little  interruption 
for  more  than  a  century. 

The  first  mining  done  was  digging.f  A  loss  of  life  through  a 
crush  in  the  excavations  caused  the  authorities  at  Grenoble  to  take 
official  cognizance  of  these  operations;  and  M.  Lemonnier,  a  mem- 
ber of  the  Academy  of  Sciences,  was  sent  by  order  of  the  king  to 
investigate  the  discoveries  of  silver  reported  to  have  been  made  by 
the  peasants. 

In  1769,  systematic  work  was  commenced  under  the  direction  of 
a  Piedmontese  engineer,  M.  Binelli.| 

On  the  10th  of  June,  1776,  the  king  granted  a  concession  of  these 
mines,  as  well  as  those  of  Allemont  and  La  Gardette,§  to  his  brother, 

*  There  is  an  entry  on  the  pay-sheet  for  September,  1768,  made  in  the  hand- 
writing of  M.  Schreiber :  ''  Paid  to  bergere  Marie  Payen,  at  her  marriage  with  Jean 
Roux,  master  charcoal-burner  at  the  fonderie  d'Allemont,  the  sum  of  GOO  livres  as 
recompense  for  discovery  of  the  mine." 

f  "  Gophering  "  or  "  coyoting." 

X  For  many  of  these  data  I  am  indebted  to  an  Exlrait  des  Memoires  de  la  Soci6te 
des  Ingenieurs  Civils  by  M.  Alfred  Caillaux. 

\  See  "La  Gardette :  The  History  of  a  French  Gold-Mine,"  by  the  writer. 
Trans.,  vol.  xxi.,  p.  79. 
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the  Comte  de  Provence,  afterwards  Louis  XVIII.     Smelting-fur- 
naces  were  erected  at  the  base  of  the  mountain  near  Allemont. 

In  1781,  Binelli  gave  place  to  Schreiber,  who  assumed  the  direc- 
tion of  the  smelting  establishment  and  of  the  various  mines.  Schrei- 
ber's  name  is  interwoven  with  the  history  of  most  of  the  mines  in 
this  part  of  Europe.  He  was  a  Saxon  engineer  of  much  ability,  aud 
was  the  father  of  the  Ecole  des  Mines,  which  was  first  established  at 
Mou tiers  in  Savoy. 

On  the  2d  of  August,  1792,  as  a  consequence  of  the  Revolution, 
the  mines  became  national,  and  passed  into  the  hands  of  the  new 
government. 

The  \ears  intervening  between  1776  and  1791  cover  the  most 
prosperous  period  in  the  history  of  the  mines.  In  1791,  the  amount 
of  development- work  was  decreased,  and  the  profits  dwindled  away 
under  bad  administration.  The  silver  produced  was  sent  away,  but 
the  amount  of  money  necessary  to  pay  for  the  work  was  not  for- 
warded to  the  mines.  Accounts  were  liquidated  with  billets  or 
promissory  notes  instead  of  cash.  Matters  went  slowly  from  bad  to 
worse  until  1807,  when  the  State  abandoned  operations  and  made  a 
concession  of  the  mines  to  a  public  company. 

From  the  first  discovery  up  to  1801,  a  period  of  thirty-two  years, 
the  mines  produced  9453  kilos,  or  303,914  Troy  ounces  of  silver. 
According  to  Schreiber,  the  receipts  were  2,098,421  francs,  or  65,577 
francs  per  annum.  The  expenses  were  1,890,096  francs,  or  59,090 
francs  per  annum.  During  this  period  there  were  times  when  the 
lodes  became  very  much  impoverished,  and  the  profits  were  further 
diminished  by  the  erection  of  reduction-works  and  buildings  and  by 
other  outlays.  There  remained,  nevertheless,  a  net  balance  of 
207,585  francs.  The  best  years  were  1784  and  1785,  when  the 
profits  amounted  to  55,000  and  54,000  francs  respectively. 

In  1808,  Schreiber  became  director  of  the  Ecole  des  Mines  at 
Moutiers,*  and  ceased  to  manage  the  Chalanches.  In  1809,  a  new 
company  obtained  control  of  the  mines  through  an  imperial  decree. 
It  was  short-lived,  and  was  succeeded  by  a  series  of  other  compa- 
nies, which  did  more  or  less  work  in  an  unsystematic  manner  up 
to  1873.  In  1889,  application  was  made  by  Pierre  Manin  for  a 
concession  of  the  then   abandoned  mines.     A  company,  La  Societe 


*  Sometimes  spoken  of  as  the  "  Ecole  des  Mines  de  Pesey."  The  mines  of  Pesey 
and  Macot,  in  the  hills  of  old  Savoy,  were  the  cause  of  the  choice  of  Moutiers,  the 
nearest  town,  as  the  locality  for  the  first  school  of  mines. 
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Savoy sienne*  was  formed  to  operate  mines  in  Savoy  and  in  the 
Dauphine,  including  those  of  the  Chalanches.  This  ambitions  enter- 
prise exhausted  its  energy  in  making  large  promises,  and,  after  a  brief 
existence,  was  sold  out  for  the  benefit  of  its  creditors.  The  Countess 
de  Grail ly  became  proprietress  of  the  Chalanches,  and  of  Grand 
Clos,  the  mines  of  which  have  always  been  worked  in  conjunction 
with  the  former. 

In  1890  the  mines  passed  into  the  hands  of  an  English  Company, 
the  "  French  Mines,  Ltd.,"  and  vigorous  work  was  commenced  at 
the  Chalanches,  as  well  as  at  Les  Arabes,  Villaret  and  Grand  Clos. 
Owing  to  the  fact  that  the  other  mines  of  this  extensive  group 
offered  better  inducements  for  the  investment  of  capital  in  their  de- 
velopment, the  Chalanches  was  operated  to  a  limited  extent  only. 
The  exploratory  work  led  to  the  discovery  of  several  rich  pockets  of 
silver-ore  and  small  patches  of  nickel-  and  cobalt-ores.  On  the 
whole,  however,  the  results  were  not  such  as  to  encourage  further 
work,  and  in  September,  1891,  operations  ceased.  These  interesting 
old  mines  are  therefore  again  abandoned. 

Resume  of  the  History  of  the  Mines. — The  record  of  the  Chalan- 
ches presents  a  story  similar  to  that  which,  is  told  of  mines  in  more 
modern  mining  districts.  The  inaccessibility  of  the  mines  in  winter, 
the  richness  of  the  ore,  its  great  fusibility  and  the  consequent  sys- 
tematic robbery  of  the  silver  are  local  commonplaces.  Circumstan- 
ces all  worked  together  to  make  the  Chalanches  mines  the  prey  of 
the  most  barefaced  plunder.  With  the  aid  of  a  common  forge-fire, 
even  without  the  intervention  of  a  crucible,  and  with  little  knowl- 
edge or  skill,  lumps  of  silver  could  be  produced  from  the  very  rich 
chlorides,  ruby  silver  and  black  sulphides  which  constituted  in  the 
main  the  soft  earthy  ores  or  terres  found  in  the  crevices  of  the  out- 
crop. Aged  inhabitants  still  talk  sportively  of  the  theft  like  old 
smugglers,  and  point  out  nooks  in  the  woods  which  the  remaining 
ruins  of  the  little  furnaces  dug  out  by  the  miners,  show  to  have  been 
the  scenes  of  former  illicit  silver-ore  smelting.  In  these  furnaces, 
no  larger  than  an  ordinary  fire-place,  dug  in  the  earth  and  smeared 
with  clay,  with  charcoal,  or,  failing  that,  clods  of  dung  for  fuel,  and 
two  or  three  little  urchins  to  blow,  like  cherubs  on  the  old  maps, 
out  trickled  the  white  metal.  Clergy  and  people  joined  cheerfully 
in  these   moonlighting  operations  without   in   any  degree  shocking 

*  That  Gallic  imagination  by  no  means  falls  short  of  the  Anglo-Saxon  faculty 
when  it  is  applied  to  prospectus-making,  is  proved  by  the  flamboyant  style  in 
which  the  promoters  of  the  Societe  Savoysienne  addressed  the  public. 
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local  ethics.  The  priest  at  Allemont,  who  lately  restored  the  parish 
church,  says  that  the  old  church  had  a  room  adjoining  the  sacristry, 
in  which  a  former  reverend  father  used  to  melt  down  the  silver-ore 
brought  to  him  by  the  faithful.  The  slags  were  concealed  in  an  ex- 
cavation under  the  floor,  where  a  large  accumulation  of  them  was 
found  when  the  church  was  restored. 

During  the  earliest  period  of  mining  at  the  Chalanches,  some 
bodies  of  extremely  rich  ore  were  found  near  the  surface.  It  is 
said*  that  two  shots  produced  sufficient  silver  to  pay  for  the  two 
buildings  known  as  the  pavilions  at  Allemont,  with  their  various 
ornamentations,  including  the  fleurs-de-lis  which  still  adorn  the  roof. 
As  200  to  300  kilos  of  silver  would  at  that  time  be  worth  from 
$10,000  to  $15,000,  this  statement  does  not  seem  incredible,  f 

A  "  pockety  "  mine  is  notoriously  apt  to  be  loosely  and  extrava- 
gantly managed.  The  uncertainty  of  the  work  is  prejudicial  to  the 
maintenance  of  system.  The  Various  companies  that  operated  these 
mines  from  1808  to  1873,  did  so  at  a  loss,  due  largely  to  inexperi- 
enced engineering  and  loose  financial  management. 

M.  Geymard,  an  engineer  of  repute,  says  of  this  interval  of  sixty- 
five  years : 

"Explored,  exploited,  abandoned  and  resumed  by  new  companies,  the  mine  paid 
dividends  or  levied  assessments  according  to  the  ability  of  the  men  sent  to  take  charge 
of  the  works  and  according  to  the  amount  of  the  capital  placed  at  their  disposal. 
To  sum  up,  the  mining  was  restricted  to  the  workings  opened  up  by  Schreiber ;  for 
all  his  successors  confined  themselves  to  a  few  meters  of  development  and  explora- 
tion among  the  old  drifts." 

M.  Caillaux,  summarizing  the  history  of  this  period,  adds: 

"The  mines  of  the  Chalanches  were  never  worked  on  a  proper  scale  during  the 
present  century  and,  as  lias  been  well  expressed  by  M.  Gruner,  the  want  of  success 
marking  the  various  attempts  made  during  this  lapse  of  time  does  not  in  any  way 
prove  the  sterility  of  the  ore-deposit,  or  the  impossibility  of  its  being  operated  to 
advantage." 

The  latter  part  of  this  statement  is  open  to  discussion. 

It  is  not  a  little  remarkable  that  although  the  silver  is  always 

*  For  this  information,  and  many  notes,  I  am  indebted  to  my  father,  Mr.  Thomas 
Rickard. 

f  An  idea  of  the  value  of  the  ore,  outside  the  patches  of  extremely  rich  mate- 
tial,  may  be  gathered  from  a  statement  made  by  M.  Schreiber,  in  a  report  sent  to 
the  Academie  and  afterwards  reproduced  in  the  Annales  des  Mines,  that  the  average 
richness  of  the  Chalanches  ore  treated  in  the  furnaces  at  Allemont,  up  to  that  time, 
was  750  grammes  per  100  kilos,  equivalent  io  about  219  Troy  ounces  per  ton  of 
2000  pounds  avoirdupois. 
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associated  in  the  lodes  with  rich  nickel-  and  cobalt-ores,  often  with 
bunches  of  stibnite,  and  more  rarely  and  erratically  with  gold,  the 
government  engineers  took  no  note  of  any  metal  other  than  silver. 
None  of  the  valuable  metals  mentioned  figure  in  the  old  accounts. 
The  speiss  containing  nickel  and  cobalt  was  rejected  with  the  slags, 
and  went  to  fill  the  swamps  and  to  form  the  road-beds  which,  in 
later  times,  were  furrowed  and  turned  over  to  recover  their  valuable 
contents.* 

The  possibility  of  utilizing  three  metals  instead  of  one  seems  to 
have  dawned  upon  the  later  engineers  quite  as  a  discovery;  and  this 
fact  stimulated  the  repeated  spasmodic  attempts  to  rehabilitate 
the  old  mine  The  arsenides  of  nickel  and  cobalt  were  sold  in 
England  and  in  Germany. f     More  recently,  a  German  chemist  was 


*  It  has  not  been  found  possible  to  ascertain  the  value  of  the  old  mattes  with 
which  roads  were  made  and  marshes  filled,  but  the  following  notes  will  assist : 
Herr  O.  F.  Kottig,  writing  from  Oberschlema,  August  7,  18S9,  with  regard  to  the 
speiss,  picked  up  in  the  old  smelter-dump  and  shipped  by  Pierre  Man  in,  says  that 
it  contained  3.6  per  cent,  metallic  cobalt,  8.9  per  cent,  metallic  nickel,  and  0.2  per 
cent,  silver.  Another  lot  gave  3  Co,  11.8  Ni,  and  0.3  Ag.  This  speiss  was  neglected 
during  Schreiber's  time. 

In  August,  1863,  the  Viscount  de  Talon  sent  7  barrels  of  ore  to  Vivian  &  Sons> 
Swansea.  The  ore  in  these  barrels  ranged  in  value  (net)  from  £3  to  £31  per  ton, 
not  including  the  silver.  The  average  was  about  £16.  The  nickel  was  valued  at 
Is.  9c/.  per  pound,  the  cobalt  at  7s.  per  pound.  The  smelting  charge  was  £1.10.0 
per  ton.     The  contents  of  the  barrels  were: 

No. 

1,  . 
2,.         .        . 

2,  . 

3,  . 

4,.         .        . 
5,.         .         . 

5,  . 

6,  .        .        . 

7,  . 
f  The  Chalanches  mines  were  always  worked  in  conjunction  with  those  of  Grand 

Clos,  near  La  Grave.  The  lead-ores  of  the  latter  were  brought  about  20  miles  to 
Allemont,  to  be  smelted  with  the  products  of  the  Chalanches.  The  smelting 
was  simple.  The  lead-sulphides  and  the  arsenides  of  nickel  and  cobalt  were 
submitted  to  stall-roasting,  and  then  passed  through  a  low  blast-furnace  {four  & 
manche),  giving  as  products:  (a)  work-lead,  containing  the  silver,  and,  of  course, 
the  gold,  if  present ;  (6)  speiss,  containing  the  nickel  and  cobalt;  (c)  slags.  The 
work  lead  went  in  succession  to  Pattinsonage  and  cupellation  for  the  extraction  of 
the  silver.  The  speiss  and  slag  went  over  the  dump.  It  was  only  in  later  years 
that  the  nickel  and  cobalt  were  taken  account  of. 


Nickel. 

Cobalt. 

Silver. 

Cwt. 

Qr. 

Lbs. 

Per  cent. 

Per  cent. 

Oz.  per  ton. 

16 

0 

9 

.6 

.07 

11 

2 

0 

6 

2.6 

1.30 

47 

3 

0 

6 

1.1 

0.60 

19 

6 

0 

10 

3.2 

2.00 

81 

17 

3 

26 

3.0 

1.60 

201 

1 

0 

8 

2.3 

1.6 

86 

3 

0 

7 

3.8 

1.9 

192 

23 

3 

9 

3.2 

1.9 

27 

1 

1 

8 

4.3 

3.3 

39 
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employed  at  Alletnont  in  an  experiment  to  manufacture  cobalt 
pigments  for  the  arts.  He  was  not  successful,  and  the  attempt 
was  abandoned. 

In  1891  the  gold-value  was  first  recognized.*  Its  importance 
proved  greater  from  a  scientific  than  from  a  commercial  point  of 
view.  The  old  mine-workings,  aggregating  20  kilometers  in  length, 
showed  that  a  great  deal  of  unsuccessful  exploration  had  been  car- 
ried out.  Search  among  these  galleries,  particularly  near  the  sur- 
face, resulted  in  the  finding  of  certain  rich  bunches  of  ore,  which 
were  soon  exhausted.  An  attempt  to  introduce  the  tribute-  or  lease- 
system  was  made,  with  partial  success.  The  necessity  for  concen- 
trating the  operations  of  the  company  led  to  more  active  work  at 
Grand  Clos  and  Les  Arabes,  and,  at  the  same  time,  made  it  advisable 
to  abandon  the  Chalanches. 

The  Ore-Deposits. 

The  geological  formation  is  simple.  A  network  of  veins  traverses 
crystalline  schists  of  very  variable  character.  The  country  forms  a 
part  of  the  great  crystalline  formation  usually  referred  to  as  the 
Archaic  schists  of  the  Alps,  though  in  point  of  fact  they  probably 
include  rocks  from  the  granite  up  to  the  Carboniferous.  Lithologi- 
cally,  certain  sections  suggest  the  Huronian  and  Laurentian.  These 
schists  lie  immediately  upon  the  granite;  they  are  extremely  varia- 
ble in  character,  so  that  at  different  places  they  can  be  described  as 
gneissose,  granitoid,  talcose,  micaceous,  graphitic,  or  amphibolic,  f 
At  the  base  of  the  slope  leading  to  the  mines  there  are  superb  blocks 
of  rock,  containing  crystalline  epidote. 

Chalanches,  like  the  mines  of  the  Alps  generally,  in  France,  in 
Savoy,  or  in  Switzerland,  is  far  up  toward  the  summit  of  the  com- 
plicated schist-region.  Looking  across  the  valley  of  the  lovely 
Romanche,  one  can  see  La  Gardette,  the  historic  gold-mine  of 
France,  perched  upon  the  cliffs  overlooking  Bourg  d'Oisans.    Across 

*  -Small  samples  of  the  earthy  ore  gave  occasionally  as  much  as  1  to  1}  ounces 
per  ton.  At  Les  Arabes,  a  mine  just  above  the  village  of  Allemont,  there  occurred 
narrow  streaks  of  maroon-colored  earthy  stuff,  which  assayed  from  2  to  as  high  as 
7  ounces  of  gold  per  ton. 

f  On  the  government  map  the  whole  mass  of  the  Chalanches,  as  also  the  Cor- 
neillion,  on  the  opposite  side  of  the  river,  is  marked  "  amphibolites."  Above  and 
beyond  Chalanches,  there  is  shown  a  peak  of  "  euphotide  amphibolique,"  flanked 
by  serpentine.  There  is  no  doubt  that  these  rocks,  on  either  side  of  the  Romanche, 
are  in  places  highly  amphibolic,  but  it  is  an  error  to  describe  the  entire  mass  of 
the  mountain  as  such. 
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the  winding  Eau  d'Olle  rises  the  imposing  mass  of  mountains  known 
as  "  les  Grandes  Rousses."  *  One  can  distinguish  their  structure, 
which  more  immediate  examination  proves  to  be  that  of  crystalline 
schist  overlain  patch-wise  by  the  dolomite  of  the  Trias,  in  turn 
succeeded  by  the  shales  and  slates  of  the  Lias. 

Immediately  above  the  Chalanches  mines  and  in  rocks  of  Car- 
boniferous age  there  is  a  deposit  of  anthracite.  To  the  anthracite 
succeeds,  in  fragmentary  deposits,  the  dolomite  limestone,  which, 
though  less  constant  than  the  Carboniferous  sandstone  and.  shale, 
almost  always  accompanies  the  anthracite  basins,  and  in  the  Hautes 
Alpesf  is  associated  with  what  appears  to  be  Permian  sandstone 
and  the  grfe  bigarre.%  The  latter  fact  gives  rise  to  the  suggestion 
that  the  dolomite  belongs  rather  to  the  Permian  than  to  the 
Trias. 

The  country  which  more  immediately  holds  the  lode-channel  of 
the  Chalanches  mines,  and  which  I  may  term  the  encasing  rock,  has 
the  character  of  gneiss.  In  actual  contact  with  the  veins  it  is  amphi- 
bolic and  contains  a  notable  amount  of  pyrite.  This  last  character- 
istic causes  it  to  emit  sparks  when  struck  with  steel  and  indicates  the 
origin  of  its  local  name,  la  roche  martiale. 

The  oxidation  of  the  pyrite  is  the  reason  of  the  red  bands  which 
seam  the  steep  bluff  crowning  the  upper  precipitous  summit  of  the 
mountain.  These  bands  of  pyritic  schist  dip  into  the  hill  just  as 
the  main  series  of  veins  does,  a  fact  which  led  M.  Graff,  a  distin- 
guished engineer,  to  conclude  that  they  played  the  part  attributed 
to  the  fahlbauds  of  Kongsberg,  in  Norway. 

The  maps  of  the  mine  exhibit  a  wonderful  network  of  galleries, 
spreading  like  a  cobweb  over  an  area  of  about  600  by  300  meters. 

It  is  computed  that  the  workings  aggregate  in  length  not  less  than 
12  miles,  an  extent  in  remarkable  contrast  to  the  relatively  small 
quantity  of  ore  produced. 

The  principal  veins  are  six  in  number,  four  of  which,  the  Cobalt, 
Prince,  Simeon  and  Hercule,  lying  about  15  meters  apart,  dip  rather 
flatly  into  the  mountain,  in  conformity  with  the  bedding  of  the  en- 
closing rock-formation,  while  the  two  others,  the  Directoire,  a  nearly 
vertical  vein,  and  the  St.  Louis,  which  cuts  it  diagonally,  may  be 

*  I.e.,  the  great  "  roughs,"  ruffians,  or  rugged  ones. 

t  At  Argentiere  and  Valgaudeniar. 

%  The  gres  bigcure  is  the  Bu titer  sandstone  of  the  Vosges,  where  it  rests  cora- 
formably  on  the  red  Permian  sandstone.  (See  Geikie's  Textbook  of  Geology,  3d  ed., 
p.  870.) 
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considered  as  cross-veins  or  counter-lodes  to  the  main-series.     The 
accompanying  cross-section  (Fig.  1)  will  explain  these  relations. 

In  addition  to  the  six  lodes  mentioned  there  are  several  minor 
veins  which  may  be  considered  as  branches  or  feeders  of  the  main 
series,  the  whole  forming  a  complicated  web  of  ore-bearing  fissures. 
Schreiber  is  quoted  as  having  said  that  "the  veins  have  as  many 
directions  as  there  are  points  of  the  compass."  Gruner  speaks  of 
Chalanches  as  "  a  mountain  radiated  and  fractured  in  every  direc- 
tion, the  largest  fissures  being  filled  with  fragments  of  the  encasing 
rock  and  (he  smaller  fissures  with  metalliferous  ores  of  very  varied 
character."   Geymard  considered  the  lode-structure  to  be  a  stockwerk; 


Fig.  I. 


Cross-Section,  Showing  the  Veins  of  the  Chalanches. 

but  Graff  distinguished  two  principal  groups  of  veins,  namely  (1) 
those  which  have  a  north-south  strike  and  dip  either  east  or  west, 
apparently  parallel  to  the  lamination  of  the  encasing  schist,  and  (2) 
those  which  strike  east-west  and  dip  uniformly  to  the  north.  Ac- 
cording to  the  same  authority,  the  veins  north-south  were  the  most 
regular  and  continuous.  Both  series,  however,  were  stated  to  throw 
off  numerous  branches  and  thus  gave  rise  to  an  apparently  inex- 
tricable confusion. 

Of  the  engineers  quoted,  Graff  was  the  most  trustworthy  observer. 
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His  description  of  the  veins  is  good.  Others,  even  Schreiber,  seem 
to  have  entirely  failed  in  mastering  the  difficulties  of  the  deposit. 
In  the  more  fissured  ground  near  the  surface  the  lode-formation  may 
bear  the  description  of  a  stocku-erk,  or,  more  properly,  little  sep- 
arated patches  of  stockwerk;  but  in  depth  this  character  is  not  ap- 
parent. Observation  at  every  point  at  which  the  numerous  veins 
occur  along  the  southeastern  flanks  of  the  Belledonne  massif  goes  to 
prove  that  by  far  the  greater  number  of  the  veins  which  have  been 
mined  conform  to  the  bedding  and,  therefore,  dip  into  the  hill,  as 
the  Chalanches  lodes  do.  They  follow  the  flexures  and  folds  of  the 
schist,  and  naturally  present  all  kinds  of  variations  of  direction 
when  exposed  in  the  mine  workings.  This  is  also  observable  at 
Les  Arabes,  Villaret  and  Oulles.  The  cross-lodes  appear  to  be  rela- 
tively unproductive,  the  St.  Louis  and  Directoire  being  exceptions. 
It  may  be  said,  speaking  generally,  that  these  bedded  veins  in  the 
Dauphine*  are  weak,  inconstant  and  difficult  to  follow. f  They  are 
frequently  altogether  obliterated,  leaving  to  the  miner  the  bedding 
of  the  country  as  his  only  guide.  Hence  the  apparent  extravagance 
of  drifts. 

Towards  the  center  of  the  mine  workings  of  the  Chalanches  there 
are  three  dikes  of  diabase,  respectively  23,  3  and  30  meters  in  thick- 
ness. Furthermore,  all  those  who  have  at  various  periods  directed 
the  mines  take  note  of  large  barren  fissures  which  traverse  the 
mountain  and  dislocate  the  ore-bearing  veins.  They  are  filled  with 
fragments  of  country  and  with  clay,  both  sandy  and  micaceous. 
Schreiber  considered  them  as  barren  lodes  and  termed  them  "felons 
sauvages  prives  de  substances  metalliques."  A  Cornish  man  would 
call  them  "  flookan." 

It  has  been  thought  by  several  observers  that  the  lodes  were  more 
numerous  near  the  surface  than  in  the  interior  of  the  mine.  This  is 
due  to  the  fact  that  any  single  fissure,  in  approaching  the  surface, 
spreads  itself  out  into  a  number  of  subordinate  fractures.  It  has 
also  appeared  that  the  lodes  gained  in  regularity  as  they  penetrated 
the  mountain.  Caillaux  therefore  adds  that  this  fact  seems  to  indi- 
cate the  probable  occurrence  in  depth  of  only  a  small  number  of 
lodes,  but  that  those  surviving  will  have  a  regularity  greater  than 
those  which  have  been  hitherto  exploited.  Regularity  of  structure 
would  be  a  poor  compensation  to  the  miner  for  the  fact  that  the  en- 

*  The  more  modern  departments  of  the  Is&re  and  Hautes  Alpes. 
t  These  bedded  veins  in  the  schists  remind  one  often  of  the  lodes  in  the  quartzose 
schists  of  Otago.     (See  Trans.,  xxi.,  411  et  seq.) 


THE   MINES   OF   THE    CHALANCHES,    FRANCE.  699 

closing  rock  is  much  harder,  and  the  thickness  of  ore  smaller,  than 
in  the  ground  nearer  to  daylight. 

The  veins  vary  in  width  from  a  knife-blade  to  80  centimeters  (31.5 
inches);  their  usual  thickness  lies  between  3  and  30  centimeters 
(0.1  to  1  foot).  The  following  data  from  my  note-book  will  indi- 
cate, in  a  general  way,  the  size  and  nature  of  the  veins : 

July  14,  1891. 

Premiere  Hercule. — 12  cm.  in  two  parts:  the  upper,  quartz  and 
fine-grained  galena ;    the    lower,    efflorescence  of    nickel 
(annabergite)  in  earthy  ore. 
Troisieme  Hercule. — 30  cm.     Antimonial  ore  (stibnite  and  ox- 
ide) accompanied  by  cobalt-bloom  (erythrite). 
Oinquieme  Hercule. — Vein  crossed  by  cross-course.     Broken  ; 

barren. 
St.  Nicholas. — 35  cm.     Brown  earthy  ore,  containing  arsenates 

of  nickel  and  cobalt,  with  native  silver. 
Galerie  d'  Argent. — 5  to  7  cm.     Wire  silver,  with   black  sul- 
phides of  silver,  in  an  earthy  gangue. 
August  11,  1891. 

Premiere  Hercule. — 10  cm.     Chiefly  calcite,  a  few  spots  of  ga- 
lena. 
Troisieme  Hercule. — 35  cm.     Calcite,  with  threads  of  galena. 
Prince. — 20  cm.     Red  and  black  earthy  ore  (found  afterwards 

to  contain  35  ozs.  Ag)  stained  with  copper. 
Cinquieme  Hercule. — 7  to  10  cm.     Calcspar,  with  splashes  of 

stibnite. 
St.  Nicholas. — 12  cm.     Black  earthy  ore,  with  stones  of  fahlerz 

and  kupfernickel. 
Galerie  d' Argent. — 5  cm.  Black  earthy  ore,  full  of  native  silver. 
General  Conclusions  Regarding  the  Ore- Occurrence. — Some  of  the 
conclusions  of  several  accomplished  French  engineers  have  been 
quoted.  They  differ  according  to  the  condition  of  the  mine  at  vari- 
ous periods,  depending  upon  whether  the  development- work  was 
being  vigorously  pushed  ahead,  new  ground  opened  up  and  rich  ore 
extracted,  or  whether  the  work  of  exploration  was  restricted  and  the 
operations  confined  to  the  search  for  the  pockets  of  silver  which  were 
found  from  time  to  time  irregularly  distributed  amid  the  complex  of 
veins.  At  the  time  when  I  directed  the  work,  attention  was  mainly 
confined  to  the  exploration  of  blocks  of  ground  not  previously  inter- 
sected by  drifts  or  cross-cuts.     No  work  was  done  in  the  ends  of 


700  THE    MINES    OF   THE    CHALANCHES,    FRANCE. 

galleries  farthest  advanced  into  the  mountain.  My  experience  of 
the  mine  and  its  ore-deposits  led  me  to  the  following  conclusions: 

The  formation  of  crystalline  schists  has  been  subjected  to  Assuring 
at  more  than  one  epoch,  an  earlier  one  being  marked  by  the  fractures 
filled  with  ore  and  now  forming  the  lodes,  and  a  later  one  charac- 
terized by  the  formation  of  cross -fractures  which  broke  across  the 
previously  formed  lodes,  and  are  themselves  non-metal-bearing. 

Near  the  surface  the  lodes  are  soft,  especially  where  they  are 
richest  in  silver.  Though  they  agree  in  the  main  as  to  their  mineral 
impregnation,  the  daily  advance  of  drifts  will  exhibit  an  extraordi- 
nary variety  of  vein-filling.  They  all  contain  nickel,  cobalt,  silver, 
and  in  places  also  antimony  and  gold,  as  their  commercially  valu- 
able elements.  With  these  are  associated  the  numerous  mineral 
species  for  which  the  mines  are  famous,  notably  acicular  crystals  of 
epidote.  The  minerals  of  the  Chalanches  are  to  be  found  in  most 
of  the  important  collections  of  Europe.* 

Examination  of  the  old  workings  proves  clearly  that  with  increas- 
ing distance  from  the  surface  the  country  gets  harder,  the  veinstuff 
loses  its  soft  character,  the  veins  become  fewer  in  number,  more  reg- 
ular, less  wide  and  less  ore-bearing.  Approaching  the  surface,  on 
the  contrary,  the  schists  are  fractured  in  a  multiplicity  of  directions, 
the  veins  become  larger,  their  filling  is  generally  earthy,  and  they 
throw  off  branches,  at  the  intersections  of  which  ore-bodies  are  found. 
In  general,  mineralization  becomes  more  pronounced  with  approach 
to  daylight;  this  being  due,  not  merely  to  the  oxidation  of  the  sul- 
phides, but  to  an  actual  relative  increase  of  "orey  "  matter. 

The  outer  portion  of  the  mountain  is  jointed  and  otherwise  frac- 
tured to  a  very  remarkable  degree.  The  seams  of  ore  which  follow 
such  joints  and  fractures  are  often  composed  of  earths  rich  in  nickel 
and  cobalt,  or  of  wire-silver  mud.  An  illustration  of  such  an  occur- 
rence is  afforded  by  the  pocket  of  native  silver  found  within  a  few 
feet  of  the  surface,  at  the  intersection  of  the  St.  Louis  and  Cobalt 
veins,  in  July,  1891.  The  accompanying  sketches,  Figs.  2  and  3, 
show  the  change  in  the  lode-structure  as  the  working  progressed,  the 
time  between  the  two  drawings  being  four  days.  In  Fig.  2  the 
native  silver,  enclosed  in  a  black  mud,  and  accompanied  by  ochreous 
earth,  extends  from  one  vein,  across  the  point  of  intersection,  into 
the  other.     In  Fig.  3  the  silver  is  confined  to  the  upper  part  of  the 

*  Its  contribution  to  the  Museum  of  Natural  History  at  Grenoble  would  itself  re- 
pay a  voyage  across  the  Atlantic.  All  the  mines  of  Leadville,  for  instance,  would 
hardly  furnish  a  richer  collection  of  minerals  than  the  Chaianches  alone. 
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Cobalt  vein.  Eed  iron-earth  formed  the  filling  of  the  St.  Louis. 
The  structure  of  the  enclosing  country  is  merely  suggested  in  the 
drawings. 

The  observations  made  from  day  to  day  led  me  to  conclude  that 


Fig.  2. 


Fig.  3 


i'        Native  Silver 


Lamination  of  the  Schists 


Sections  Showing  Pocket  of  Native  Silver. 


the  richest  part  of  the  mine  was  that  which  was  within  the  influence 
of  oxidation,  and  that  both  chemical  agencies  and  structural  condi- 
tions favored  an  enrichment  of  ore  near  the  surface.  This  statement 
is  particularly  applicable  to  the  silver  contents.  It  also  holds  true 
of  the  gold,  but  it  is  less  accurate  with  respect  to  the  nickel  and  co- 
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bait.  The  richness  in  silver  of  the  oxidized  ores  suggests  secondary- 
precipitation.  This  is  confirmed  by  the  fact  that  the  silver  appears 
to  be  thrown  down  upon  the  nickel  and  cobalt  arsenides,  and  often 
envelopes  them  in  such  a  way  as  to  impart  to  them  the  rudiments 
of  a  nodular  structure.  The  hard,  undecom posed  arsenides  con- 
tain only  small  amounts  of  silver.  The  gold,  only  occasionally 
present,  is  associated  invariably  with  soft,  maroon-colored,  earthy, 
iron-bearing  vein-stuff.  The  nickel  and  cobalt  minerals  appear  to 
be  primary  ores,  and  are  more  persistent  than  those  of  silver  and 
gold. 

The  dependence  of  the  occurrence  of  large  amounts  of  rich  ore 
upon  the  broken  and  fractured  character  of  the  country  would  seem 
to  me  to  indicate  that  that  particular  concentration  of  metallic  min- 
erals which  renders  the  deposit  economically  important  is  of  com- 
paratively recent  geological  date;  for,  only  near  the  surface  (the  sur- 
face of  any  given  time,  not  necessarily  only  that  of  to-day)  were 
there  the  conditions  favoring  such  a  concentration.  A  study  of  the 
vein-structure  of  the  surrounding  region  shows  that  the  ore-bearing 
veins  are  younger  than  the  Jurassic  age.  This,  of  course,  applies 
only  to  the  fissures  in  which  the  ore  is  now  found.  The  actual  de- 
position of  ore  could  not  have  commenced  before  the  fracture  took 
place,  but  it  has  probably  been  going  on  ever  since.  At  the  Cha- 
lanches,  the  change  in  the  nature  of  the  ore-deposits,  both  in  struc- 
ture and  in  mineral  contents,  is  measured,  not  from  any  imaginary 
nearly  horizontal  surface  of  a  former  unknown  epoch,  but  from  the 
steep  slope  of  the  hillside  of  to-day. 

The  occurrence  of  deposits  of  nickel-ores  in  close  association  with 
basic  eruptives,  and  more  particularly  magnesian  rocks,  has  been 
frequently  noted.  The  country-rock  of  the  Chalanches  lodes  con- 
sists of  the  crystalline  magnesian  schistose  rocks,  which  have  been 
already  mentioned.  They  are  overlain  by  dolomitic  limestone,  and 
are  intruded  upon  by  a  mass  of  altered  gabbro  or  euphotide,  which 
is,  in  turn,  flanked  by  serpentine.  The  serpentine  may  have  been 
derived  by  the  metamorphism  of  amphibolic  schists,  euphotide,  or 
limestone.*  That  the  origin  of  nickel-deposits  is  traceable  to  the 
leaching  of  basic  eruptives ;  that  the  metal  and  its  ores  occur  in 
a  finely  disseminated  condition  in  such  rocks,  aud  have  been  by 

*  That  serpentine  can  be  derived  by  metamorphism  from  magnesian  silicate 
rocks,  or  from  limestone,  has  .often  been  pointed  out — quite  recently  by  Mr.  S.  F. 
Emmons,  in  "Geological  Distribution  of  the  Useful  Metals,"  Trans.,  xxii.,  71. 
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them  brought  within  the  reacli  of  circulating  waters,  is,  at  present, 
a  strongly  favored  theory.* 

As  bearing  on  this  part  of  the  subject,  the  following  additional 
facts  are  pertinent.  At  the  Chalanches,  in  addition  to  the  magne- 
sian  silicate  schists,  forming  the  encasing  rock  of  the  lodes,  there 
are,  at  least,  three  dikes  of  diabase.  Above  Bourg  d'Oisans  —  six 
miles  distant — there  is  an  amygdaloidal  melaphyre  (the  spilite  of  the 
French  geologists),  which  carries  nodules  of  calcite  accompanied  by 
sulphide  of  nickel. f  Between  Allemont  and  Vizille  there  are,  ac- 
cording to  the  government  map,  several  outcrops  of  spilite.  They 
are  usually  associated  with  the  upper  Trias,  and  occasionally  appear 
to  belong  to  the  Jurassic.  Certain  of  the  ore-bearing  veins  of  the 
district  penetrate  from  the  crystalline  schists  into  the  anthracite 
beds,  and  even  into  the  Lias,  the  last  being  the  youngest  formation 
of  the  lode-mining  portion  of  the  region. 

The  roche  martiale,  or  pyrites-bearing  bands  of  schist,  which  im- 
mediately contain  the  most  productive  veins,  illustrate  that  associa- 
tion of  nickel  and  iron  pyrites  which  has  been  often  remarked  by 
geologists. 

The  origin  of  the  metals  which  enrich  the  veins  of  the  Chalan- 
ches is  a  matter  which,  owing  to  the  limited  data  bearing  upon  it, 
cannot  be  discussed  at  great  length  with  profit.  The  silver  and 
gold  may  be  supposed  to  have  been  derived,  as  elsewhere,  from  as- 
cending solutions  which,  in  approaching  the  surface  deposited  their 
precious  contents  according  as  the  structural  conditions  of  the  rock 
or  the  chemical  composition  of  the  casing  of  the  fissures  may  have 
regulated  that  deposition.  The  nickel  and  cobalt  will  be  considered, 
by  many,  to  have  had  a  more  definite  and  immediate  origin  in  the  mag- 
nesian  silicates  of  the  diabase  and  schists,  out  of  which  they  will  be 
supposed  to  have  been  leached.  These  explanations  of  the  origin  of 
the  four  metals  mentioned  would,  in  that  case,  be  a  compromise  be- 
tween the  contending  views  of  the  two  sides  in  the  controversy 
between  the  extremes  of  lateral  secretion  and  ascension. 

It  will  be  claimed,  however,  that,  if  the  nickel  and  cobalt  were 
obtained   from  out  of  the  encasing  (the  wall-rock),  or  the  enclos- 


*  It  is  advocated,  for  instance,  by  Mr.  P.  Argall,  in  a  contribution  to  the  Colo- 
rado Scientific  Society,  entitled,  "  Nickel:  the  Occurrence,  Geological  Distribution, 
and  Genesis  of  its  Ore-Deposits." 

f  A  similar  occurrence  is  that  of  inillerite,  or  sulphide  of  nickel,  recently  noted 
by  me  in  certain  hornblende-schists  at  the  Gipsey  Queen  Mine,  3j  miles  east  of 
Salida,  Colo. 
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ing  (the  remoter  country)  rock,  then,  there  should  be  some  differ- 
ence in  the  schists  penetrated  by  those  parts  of  the  lodes  carry- 
ing a  notable  amount  of  nickel  and  cobalt,  as  compared  to  the 
schists  in  which  the  lodes  are  barren.  It  cannot  be  said  that 
this  is  the  case.  The  bands  of  pyritic  schist  are  parallel  to  the 
lodes,  and  enclose  both  their  rich  and  their  barren  portions.  That 
the  lode-channel  is  marked  by  the  presence  of  schist  rich  in  pyrite 
is  true ;  but  the  fact  points  not  to  the  pyrite  as  the  source  of  the 
metal,  but  simply  to  a  probable  identity  of  source,  and  contempo- 
raneity of  deposition.  Within  the  reach  of  oxidizing  agencies,  both 
the  nickel  and  cobalt  arsenides  and  the  iron  pyrite  are  found 
decomposed  in  some  places,  unaltered  in  others.  The  interior  work- 
ings of  the  mine  show  veins  carrying  hard  unoxidized  ores  encased  in 
harder  schists,  the  pyrite  of  which  is  unaltered.  While  the  rock 
which  has  been  most  affected  by  oxidation  contains  veins  richer  in 
silver  and  gold  than  that  which  does  not  show  the  action  of  such 
agencies,  there  is  no  noteworthy  difference  in  the  nickel-  and  cobalt- 
contents. 

In  these  mines,  as  in  others  in  widely  separated  regions,  I  have 
observed  that  it  often  happens  that  a  very  narrow  but  very  rich 
streak  of  ore  may  occur  encased  in  hard  uudecomposed  country, 
while,  on  the  contrary,  a  large  width  of  poor  veinstuff  may  be  en- 
closed by  highly  altered  and  mineralized  rock.  This,  which  is,  I 
believe,  a  common  observation  to  those  who  spend  much  time  under- 
ground, is  a  fact  forever  opposed  to  the  narrower*  views  of  any 
lateral-secretion  theory.  In  such  cases  it  is  evident  that  the  encas- 
ing rock  has  been  mineralized  and  enriched  through  the  agency  of 
solutions  which  travelled  in  the  lode-channel ;  that  the  mineraliza- 
tion took  place  from  the  lodes  to  the  country  and  not  from  the  out- 
side country  toward  the  interior  of  the  lode-channel. f 

If  we  accept  the  current  theory  that  the  nickel  and  cobalt  came 
from  the  leaching  of  magnesian  silicates  (and  facts  are  numerous 
pointing  that  way),  then,  we  must  conclude  that  the  origin  of  the 
nickel  and  cobalt  of  the  Chalanches  was  not  the  immediately  enclos- 
ing country,  but  rocks  similar  to  it,  which  underlie  it  at  a  greater 
depth.  The  silver  and  gold,  it  may  be  suggested,  were  precipitated 
from  other  solutions,  and  at  a  period  other  than  that  which  saw  the 
deposition  of  the  nickel  and  cobalt.    The  precious  metals  were  prob- 

*  As  distinguished  from  the  wider  interpretation  given  to  that  theory,  not  by 
Prof.  Sandberger,  but  by  Mr.  Emmons  and  others  in  this  country. 

f  This  view  was  advocated  by  Mr.  Pearce  thirty  years  ago.  (See  Trans,  xxii.,  740. ) 
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ably  derived  from  a  deeper-seated  source ;  and  may  have  been 
leached  from  the  granite  which  underlies  the  schists  and  is  penetrated 
by  the  basic  eruptives.  In  both  cases,  the  various  metals  must  have 
come  from  a  depth  where  leaching  action  was  powerful,  and  from 
which  ascending  currents  brought  the  metallic  constituents,  the  sub- 
sequent precipitation  of  which  produced  valuable  ore-deposits. 


FURTHER  EXPERIMENTS  ON  AMORPHOUS  GOLD. 

BY  HENRY  LOUIS,  LONDON,  ENGLAND. 

(Bridgeport  Meeting,  October,  1894.) 

The  present  paper  comprises  two  parts,  which  have  but  little  con- 
nection with  each  other.  The  first  is  practically  a  continuation  of 
the  investigation  on  the  specific  gravity  of  gold  liberated  by  means  of 
acids  from  its  alloys,  on  which  subject  I  had  the  honor  of  presenting 
a  brief  note  to  the  Institute  in  1893  [Trans.,  xxii.,  117);  the  second 
describes  a  series  of  experiments  on  the  behavior  of  amorphous  gold 
under  the  action  of  heat. 

By  the  kindness  of  Prof.  W.  C.  Roberts-Austen,  C.B.,  F.R.S., 
chemist  to  the  Royal  Mint,  I  have  been  permitted  to  conduct  these 
experiments  in  the  mint  assay-office,  all  the  splendid  resources  of 
which  institution  were  freely  placed  at  my  disposal.  I  desire  at 
the  outset  to  express  my  obligations  to  Prof.  Roberts-Austen  and  to 
all  the  staff  of  the  mint  assay-office  for  their  kind  assistance  at  all 
stages  of  my  experiments. 

I. — The  Specific  Gravity  of  Gold  in  Alloys. 
In  the  note  already  referred  to,  I  published  my  discovery  that 
the  gold  left  on  dissolving  out  the  silver  from  an  alloy  of  gold  and 
silver  (which  I  shall  here  term  "  residual  amorphous  gold  ")  has  a 
higher  specific  gravity  than  ordinary  molten  gold.  I  also  pointed 
out  that  I  had  worked  on  very  small  quantities  of  material  and  with 
balances  and  weights  on  the  accuracy  of  which  I  could  not  implicitly 
rely,  and  that  in  so  far  my  numerical  data  were  inconclusive,, 
although  I  had  but  little  doubt  of  the  correctness  of  the  broad  faer.. 
The  experiments  now  recorded  were  made  under  the  most  advan- 
tageous circumstances  and  with  various  refinements.  Particularly,. 
I  found  that  the  ordinary  form  of  specific-gravity  bottle  was  respon- 
sible for  several  small  sources  of  error;  and  I  accordingly  designed 
an  improved  form  {Journal  of  the  Society  of  Chemical  Industry, 
April  30,  1894,  vol.  xiii.,  p.  322),  which  I  used  for  this  work.  The 
vol.  xxiv.— 45 
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weighings  were  always  made  in  air  and  no  correction  for  the  weight 
of  air  displaced  has  been  made;  this  would,  however,  be  a  very 
trifling  amount  when  working  with  so  dense  a  body  as  gold. 

A.  Residual  Amorphous  Gold  from  Gold-Silver  Alloys. — A  batch 
of  cornets  was  kindly  prepared  for  me  by  Mr.  F.  W.  Baily  of  the 
Royal  Mint  assay-office.  These  were  prepared  in  the  manner  in- 
variably used  for  making  assays  of  gold  bullion,  and  were  perfectly 
normal  cornets,  the  mode  of  procedure  being  as  follows:  J  gramme 
of  gold  is  alloyed  with  1^  grammes  of  silver  and  a  little  copper,  by 
cupellation  in  4  grammes  of  pure  lead-foil.  The  resulting  button  is 
rolled  into  a 'fillet,  coiled  up  and  then  parted  in  platinum  cups  in 
platinum  boilers,  by  means  of  two  boilings  in  dilute  nitric  acid  of 
specific  gravities  1.26  and  1. 32  respectively.  The  gold  thus  obtained 
is  999.7  parts  per  mil.  fine.  The  cornets  prepared  for  me  in  this  way- 
were  repeatedly  washed  with  hot  distilled  water,  boiled  in  water  and 
allowed  to  cool  in  vacuo.  Two  batches  of  28  and  26  cornets  respect- 
ively were  operated  on,  and  the  specific  gravity  of  each  batch  was  de- 
termined by  means  of  the  specific-gravity  bottle  and  by  weighing  in  a 
light  glass  cup  suspended  by  means  of  a  fine  silver  wire  in  a  beaker 
of  water.  Each  lot  was  then  dried  and  annealed  in  the  muffle  in 
the  ordinary  way,  and  its  specific  gravity  was  again  determined. 

Finally  these  annealed  cornets  were  fused  under  a  layer  of  borax- 
glass,  and,  after  careful  washing  and  cleaning,  the  specific  gravity  of 
the  molten  gold  was  determined. 

The  following  were  the  results  obtained  : 


I. 

II. 

Mean. 

Specific  gravity  before  annealing, 

.     19.517 

19.505 

19.511 

"               after          " 

.     18.729 

18.728 

18.7285 

after  fusion, 

.     19.200 

19.173 

19.18(35 

These  results,  the  accuracy  of  which  I  have  no  reason  to  doubt, 
show  that  the  residual  amorphous  gold  has,  in  spite  of  its  very 
much  greater  bulk,  a  higher  density  than  gold  which  has  been  fused, 
whilst  the  annealed  cornet  is  markedly  lower  in  density  than  the 
same  gold.  For  this  latter  phenomenon  I  am  unable  to  suggest  any 
explanation,  unless  it  be  that  the  gold  sponge  on  contracting  may 
completely  enclose  some  cavities,  and  have  therefore  a  cellular  struc- 
ture. 

B.  Alloys  of  Gold  with  Other  Metals. — a.  Two  alloys  of  gold  and 
copper  were  prepared  in  approximately  the  proportions  of  1  to  3  and 
1  to  7  respectively.  These  were  rolled  into  strips,  cut  into  small  pieces, 
annealed  and  parted  in  nitric  acid.     The  gold  in  the  richer  alloy  re- 
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tained  fairly  the  shape  of  the  original  pieces;  in  the  poorer  alloy  it 
broke  up,  and  occupied  a  bulk  fully  double  that  of  the  original  alloy. 

6.  Three  alloys  of  gold  with  lead  were  prepared  in  the  approxi- 
mate proportions  of  1  to  3, 1  to  4  and  1  to  6.  All  these  alloys  were 
gray,  granular,  and  very  brittle.  They  were  pounded  to  a  coarse 
powder  and  parted  by  means  of  nitric  acid.  In  each  case  the  gold 
formed  a  loose,  spongy  mass,  very  bulky  indeed,  occupying  at  least 
six  or  eight  times  the  volume  of  the  original  alloy. 

c.  Two  alloys  of  gold  with  zinc  in  the  approximate  proportions 
of  1  to  3  and  1  to  7  were  prepared.  These  alloys  were  difficult  to 
pour,  but  proved  to  be  fairly  malleable,  so  that  they  could  be  rolled 
into  strips  and  then  cut  into  pieces.  These  were  hard,  grayish-white, 
with  a  granular  fracture.  They  were  not  annealed.  Parting  was 
commenced  with  dilute  sulphuric  acid,  but  it  was  not  satisfactory, 
owing  probably  to  the  presence  of  small  amounts  of  lead  in  the  zinc. 
The  acid  was  therefore  poured  off  and  the  residual  metal  well 
washed,  first  with  water  and  then  with  amnionic  acetate,  to  dissolve 
any  sulphate  of  lead  that  might  have  been  formed.  After  washing 
again,  the  parting  was  completed  with  dilute  nitric  acid,  the  action 
of  which  was  almost  explosive  in  its  violence.  The  pieces  of  re- 
sidual gold  retained  in  each  case  the  shape  of  the  original  pieces  of 
alloy,  and  did  not  break  up  at  all. 

The  specific  gravity  of  the  residual  amorphous  gold  was  deter- 
mined in  each  case  with  all  due  precautions,  and  the  results  obtained 
are  tabulated  below : 


Alloying  Metal. 

Composition  per  100. 

Specific  Gravity. 

Fineness  of 
Residual  Gold. 

Alloy. 

Gold. 

75.0a 

87.46 
75.36 

80.02 
85.78 
73.66 

87.85 

24.91 
12.54 
24.64 
19.98 
14.22 
26.34 
12.15 

19.666 
19.567 
19.786 
19.122 
19.751 
18.854 
18.919 

999.3 

999.0 

999.25 

990.9 

996.4 

b    Lead 

„ 

c.  Zinc 

The  fineness  of  the  residual  amorphous  gold  was  determined  for 
me  by  Mr.  F.  W.  Baily,  the  results  given  being  the  mean,  in  each 
case,  of  two  determinations.  It  will  be  observed  that  the  richness  or 
poorness  of  the  original  alloy  does  not  seem  to  affect  the  specific  gravity 
of  the  residual  amorphous  gold,  whilst,  on  the  other  hand,  this  fig- 
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are  seems  to  be  higher,  the  more  completely  the  alloying  metals 
cause  the  liberation  of  the  residual  gold  in  the  pulverulent  form.  The 
average  of  the  specific  gravity  found  was  higher  than  that  of  ordi- 
nary gold,  ercept  in  the  case  of  the  zinc-alloy,  in  which  the  parting 
was  troublesome  and  unsatisfactory,  and  the  resulting  gold  impure. 

II. — Effect  of  Heat  on  Amorphous  Gold. 

A  series  of  experiments  was  made  upon  unannealed  gold,  with 
the  object  of  discovering  whether  this  metal,  in  passing  from  one 
state  to  the  other,  showed  any  points  of  "  recalescence"  similar  to 
those  obtained  in  heating  and  cooling  iron.  In  the  case  of  gold, 
there  was  no  object  in  investigating  the  phenomena  during  cooling, 
seeing  that  the  change  in  the  condition  of  the  gold  is  produced  during 
heating.  The  arrangement  of  the  apparatus  used  is  shown  in  Fig. 
1,  in  which  A  is  a  rectangular  box,  made  of  cast-iron,  about  f-inch 


ToCoi 
Junctio, 


Apparatus  for  Observing  the 
Effect  of  Heat  upon  Gold 


thick.  It  is  surrounded  by  the  furnace,  F,  and  heated  by  the  pow- 
erful burner,  B,  the  gas-supply  to  which  can  be  regulated  to  a  very 
fair  degree  of  uniformity.  The  box  has  an  iron  cover,  with  a  mica 
window,  K,  through  which  the  interior  can  be  examined.  In  the 
box  is  suspended  a  crucible,  C,  containing  the  gold  to  be  operated 
upon.  The  terminal  wires,  D,  of  a  Le  Chatelier  pyrometer  of  the 
usual  type  are  inserted  in  the  mass  of  gold,  the  wires  passing  to  a 
cold  junction,  the  temperature  of  which  was  taken  at  intervals  during 
the  experiment,  and  thence  to  a  reflecting  galvanometer,  the  de- 
flections of  which  were  recorded  photographically  by  Prof.  Roberts- 
Austen's  method. 

In  carrying  out  my  experiments,  I  had  the  advantage  of  the  help 
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of  Mr.  R.  Stansfield,  Prof.  Roberts-Austen's  assistant,  who  has  had 
much  experience  with  this  pyrometer.  On  top  of  the  gold  in  the 
crucible  was  placed  a  light  rod,  E,  on  the  upper  end  of  which  rested 
the  short  arm  of  the  lever,  J,  having  its  fulcrum  at  G.  H  is  a 
small  sliding  counterpoise,  by  means  of  which  the  short  end  of  the 
lever  was  kept  steadily  pressing  upon  the  top  of  E.  The  extreme 
point  of  this  lever,  L,  passed  over  a  graduated  scale,  by  means  of 
which  the  contraction  of  the  gold  in  the  crucible  could  be  meas- 
ured. 

Precipitated  gold  was  first  experimented  on,  the  gold  used  being 
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Effect  of  Heat  on 
Precipitated  Gold,  March  80th.  1894. 

Weight  of  Gold  used,  13,51  grammes. 
Depth  of  Column  of  Gold,  0:87  in. 

some  that  had  been  prepared  for  use  as  check-pieces  in  the  mint 
assay-office.  It  had  been  precipitated  by  means  of  sulphurous  acid 
gas  from  a  rather  strong  solution  of  auric  chloride,  and  was  in  mod- 
erately fine  powder,  which  showed,  however,  a  strong  tendency  to 
cohere  into  lumps.  Under  the  microscope  it  appeared  to  be  some- 
what crystalline,  although  no  distinct  structure  could  be  made  out, 
and  it  had  a  well-marked  metallic  luster. 

The  effect  of  heat  on  this  gold  is  shown  graphically  in  Fig.  2,  in 
which  the  curves  both  of  rise  in  temperature  and  of  shrinkage  of 
volume  are  plotted.  The  abscissa?  show  time  in  minutes,  the  ordi- 
nates  showing  degrees  centigrade  and  percentages  of  contraction  of 
depth  of  column  (linear  contraction)  respectively.     It  will  be  seen 
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that  there  is  no  indication  of  recalescence,  the  temperature-curve 
being,  on  the  whole,  fairly  regular.  The  first  indication  of  shrink- 
age was  obtained  at  about  400°  C,  although  it  must  have  com- 
menced some  20°  lower,  and  it  appeared  to  continue  up  to  about 
680°  C.     The  change  in  bulk  after  that  temperature  being  scarcely 
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Effect  of  Heat  on  a 

Mass  of  Gold  Cornets,  April  19th,  1894. 

18  Cornets  used=  9  grammes. 

Depth  of  Column  of  Gold,  0.623  in. 


noticeable,  the  experiment  was  accordingly  stopped.  The  points 
at  which  the  first  indication  of  change  in  color  and  luster  were  per- 
ceived, and  at  which  the  change  appeared  complete  to  the  eye,  are 
indicated  on  the  diagram ;  but  it  must  be  remembered  that  this 
change  is  very  gradual,  and  that  the  points  of  its  commencement  and 
completion  could  not  be  definitely  fixed. 
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The  experiment  was  repeated,  with  the  modification  of  placing 
two  crucibles  in  the  heating-chamber — one  containing  unannealed 
gold,  and  the  other,  gold  already  annealed,  in  order  to  see  whether 
there  was  any  difference  in  their  respective  rates  of  heating.  No 
such  difference  could  be  noticed  ;  and  it  seems  certain  that  there  is 
no  recalescence  with  gold  thus  precipitated. 

Figs.  3  and  4  exhibit  the  results  of  similar  experiments  upon  gold 
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Effect  of  Heat  on 
Unannealed  Gold  Cornets,  April  5th.  1894. 
«-  3  Cornets  used 

Depth  of  Cornet,  0,51  in. 

cornets,  thoroughly  air-dried  but  not  annealed.  In  the  former  case 
(Fig.  3),  the  cornets  were  broken  into  small  fragments,  and  then 
transferred  to  the  crucible ;  in  the  latter  case,  unbroken  cornets  were 
operated  on.  As  will  be  seen,  the  results  are  somewhat  similar  to 
those  obtained  with  the  precipitated  gold.  Shrinkage  was  first  dis- 
tinctly noticed  at  360°  C.  and  320°  C,  respectively,  and  appeared  to 
be  comparatively  complete  at  620°  C.  and  550°  C,  respectively. 
The  latter  experiment  is  especially  interesting,  because  the  decrease 
in  volume  which  a  cornet  undergoes  during  annealing  was  directly 
measured   thereby  ;  the  diminution  in  the  depth  of  the  cornet,  that 
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is  to  say,  in  the  width  of  the  fillet,  was  measured,  and  it  was  found 
that  this  dimension,  after  heating,  was  two-thirds  of  that  of  the 
unannealed  cornet.  On  the  assumption  that  the  linear  shrinkage  of 
all  three  dimensions  is  equal,  the  volume  of  the  annealed  would  be 
0.3  of  that  of  the  unannealed  cornet. 

Differential  experiments  upon  unannealed  and  annealed  cornet- 
gold,  heated  side  by  side  for  the  purpose  of  comparison,  were  also 
made;  and  none  of  these  showed  the  least  indication  of  recalescence. 
It  seems  certain,  therefore,  that  the  change  from  dull-brown  amor- 
phous gold  to  the  ordinary  yellow  lustrous  variety  is  not  accom- 
panied by  any  absorption  or  evolution  of  heat;  and,  in  so  far,  these 
experiments  do  not  support  my  views  on  the  allotropism  of  gold.  It 
must,  however,  be  admitted,  that  they  do  not  oppose  those  views. 

It  is  evident,  that  whatever  the  nature  of  the  change  may  be,  it 
is  a  very  gradual  one,  unmarked  by  any  abrupt  transition.  At  the 
same  time,  it  is  possible  that  different  results  might  be  obtained  by 
working  upon  the  very  finely  divided  gold  precipitated  by  a  dilute 
solution  of  ferrous  sulphate  from  a  dilute  solution  of  auric  chloride 
in  the  cold;  and  this  experiment  remains  yet  to  be  tried.  Mean- 
while, the  above  experiments  show  conclusively  within  what  ranges 
of  temperature  the  annealing  of  gold  cornets  takes  place. 
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BY   R.    W.    RAYMOND,    NEW   YORK  CITY. 

(Bridgeport  Meeting,  October,  1894.) 

In  a  former  paper  (Trans.,  xvi.,  770)  I  gave  the  text  of  the 
archaic  mining  law  of  the  State  of  New  York,  together  with  some 
comments  upon  its  curious  provisions.  In  that  connection  I  pointed 
out  two  facts  :  first,  that  the  law  seemed  to  have  originated  in  the 
schemes  of  private  parties,  who  were  satisfied  with  those  parts  of  it 
which  concerned  them  particularly;  and  secondly,  that  the  remain- 
ing provisions  had  been  hitherto  quite  inoperative,  for  the  reason 
that  mines  of  the  character  to  which  they  referred  had  not  been  dis- 
covered in  the  State. 

Since  1888,  when  that  paper  was  written,  the  New  York  Legisla- 
ture has  passed  several  acts  relating  to  mines  as  follows : 

1.  Chapter  394,  Laws  of  1890.     This  provides  for  an  inspection 
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of  mines  to  secure  the  safety  of  workmen.  As  it  is  purely  an  ex- 
ercise of  the  "police  authority"  of  the  State,  and  does  not  contem- 
plate any  regulation  of  mining  titles  or  the  economy  of  mining  oper- 
ations, it  does  not  fall  within  the  scope  of  the  present  paper,  and 
will  not  be  further  mentioned. 

2.  Chapter  411,  Laws  of  1890.  This  provides  for  the  working 
of  mines  upon  the  State  lands,  and  also  protects  private  land-owners 
against  unauthorized  entry  upon  their  lands.  As  its  provisions  have 
been  substantially  incorporated,  with  additions,  into  a  later  act 
(Chapter  317,  Laws  of  1894),  they  will  not  be  separately  discussed 
here. 

3.  Chapter  667,  Laws  of  1892.  This  concerns  only  the  safety  of 
workmen,  and,  for  the  reason  given  above,  will  be  omitted  from  the 
present  discussion. 

4.  Chapters  317  and  745,  Laws  of  1894.  The  consideration  of 
these  acts  will  be  the  subject  of  the  present  paper.  For  convenience 
of  reference,  I  will  designate  as  A,  the  law  discussed  by  me  in  1888 ; 
as  B,  Chapter  317  of  1894;  and  as  C,  Chapter  745  of  1894.  For 
my  comments  upon  A,  I  must  refer  the  reader  to  my  paper,  already 
cited ;  but  it  seems  necessary  to  reproduce  here,  for  ready  compari- 
son, the  text  of  that  statute* 

A.  The  Law  in  Force  in  1888. 

This  will  be  found  in  Title  XL,  Chapter  IX.,  Part  One,  of  the 
Revised  Statutes  as  follows  : 

Section  1.  The  following  mines  are,  and  shall  be,  the  property  of  the  people  of 
this  State  in  their  right  of  sovereignty  : 

(1.)  All  mines  of  gold  and  silver  discovered,  or  hereafter  to  be  discovered,  within 
this  State. 

(2.)  All  mines  of  other  metals  discovered,  or  hereafter  to  be  discovered,  upon  any 
lands  owned  by  persons  not  being  citizens  of  any  of  the  United  States. 

(3.)  All  mines  of  other  metals  discovered,  or  hereafter  to  be  discovered,  upon 
lands  owned  by  a  citizen  of  any  of  the  United  States,  the  ore  of  which,  upon  an 
average,  shall  contain  less  than  two  equal  third  parts  in  value  of  copper,  tin,  iron, 
and  lead,  or  any  of  those  metals. 

Sec.  2.  All  mines  and  all  minerals  and  fossils  discovered,  or  hereafter  to  be  dis- 
covered, upon  any  lands  belonging  to  the  people  of  this  State,  are,  and  shall  be,  the 
property  of  the  people,  subject  to  the  provisions  hereinafter  made  to  encourage  the 
discovery  thereof. 

Sec.  3.  All  mines  of  whatever  description,  other  than  mines  of  gold  and  silver, 
discovered,  or  hereafter  to  be  discovered,  upon  any  lands  owned  by  a  citizen  of  any 
of  the  United  States,  the  ore  of  which,  upon  an  average,  shall  contain  two  equal 
third  parts  or  more,  in  value,  of  copper,  tin,  iron,  and  lead,  or  any  of  those  metals, 
shall  belong  to  the  owner  of  such  land. 
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Sec.  4.  Every  person  who  shall  make  a  discovery  of  any  mine  of  gold  or  silver 
within  this  State,  and  the  executors,  administrators,  or  assigns  of  such  persons,  shall 
be  exempted  from  paying  to  the  people  of  this  State  any  part  of  the  ore,  produce  or 
profit  of  such  mine  for  the  term  of  twenty-one  years,  to  be  computed  from  the  time 
of  giving  notice  of  such  discovery,  in  the  manner  hereinafter  directed. 

Sec.  5.  No  person  discovering  a  mine  of  gold  or  silver  within  this  State  shall 
work  the  same  until  he  gives  notice  thereof,  by  information  in  writing  to  the  Sec- 
retary of  this  State,  describing  particularly  therein  the  nature  and  situation  of  the 
mine.  Such  notice  shall  be  registered  in  a  book  to  be  kept  by  the  Secretary  for  that 
purpose. 

Sec.  6.  After  the  expiration  of  the  term  above  specified,  the  discoverer  of  the 
mine,  or  his  representatives,  shall  be  preferred  in  any  contract  for  the  working  of 
such  mine,  made  with  the  legislature  or  under  its  authority. 

Sec.  7.  Nothing  contained  in  this  title  shall  affect  any  grants  heretofore  made  by 
the  legislature  to  persons  having  discovered  mines,  nor  be  construed  to  give  any 
person  a  right  to  enter  on  or  break  up  the  lands  of  any  other  person,  or  of  the 
people  of  this  State,  or  to  work  any  mine  in  such  lands,  unless  the  consent,  in  writ- 
ing, of  the  owner  thereof,  or  of  the  commissioners  of  the  land  office,  when  the  lands 
belong  to  the  people  of  this  State,  shall  be  previously  obtained. 

Sec.  8.  In  all  cases  in  which  a  person  or  persons  shall  have  discovered  a  mine 
or  mines,  and  become  entitled  to  work  the  same,  pursuant  to  title  eleven,  chapter 
nine,  part  first  of  the  Revised  Statutes,  and  such  person  or  persons  shall  form  a 
corporation  pursuant  to  chapter  forty  of  the  laws  of  eighteen  hundred  and  forty- 
eight,  and  the  several  acts  subsequent  thereto  and  amendatory  thereof,  if  the  con- 
sent in  writing  to  enter  upon  and  break  up  the  lands  of  any  person  in  or  upon 
whose  lands  said  mine  or  mines  are  found,  shall  be  refused  or  cannot  be  obtained 
by  agreement,  or  by  reason  of  the  infancy  or  the  absence  of  such  person  from  the 
State,  or  other  legal  disability  of  the  owner  of  such  lands,  the  said  corporation  so 
formed  may  enter  upon  and  break  up  the  lands  of  such  person  for  the  purpose  of 
working  such  mine  or  mines  in  the  manner  hereinafter  provided,  and  the  right  and 
easement  so  to  do  shall  be  deemed  granted  for  public  use,  and  for  the  public  pur- 
pose of  obtaining  minerals  reserved  to  the  State,  and  the  said  right  and  easement 
are  hereby  granted  to  the  corporation  so  formed,  on  their  filing  with  the  commis- 
sioners of  the  land  office  a  full  description  of  the  location  of  such  land,  and  obtain- 
ing a  grant  therefor  from  said  commissioners,  who  are  hereby  authorized  to  make 
such  grant  and  file  the  terms  thereof. 

Sec.  9.  The  said  company  entitled  to  work  such  mines  may  file  a  petition  in  the 
Supreme  Court  of  the  State  setting  forth  the  facts  upon  which  they  claim  such  right, 
and  the  reasons  which  prevent  their  entering  upon  the  land  necessary  for  their 
mining  operations;  and  upon  such  petition  the  court  may  appoint  three  disinter- 
ested persons  as  commissioners  to  examine  into  the  matter,  ascertain  and  affix  the 
damages  aforesaid,  and  report  to  the  court.  Notice  of  the  filing  of  such  petition 
shall  be  published  in  one  of  the  papers  printed  in  the  county,  or  in  each  of  the 
counties,  where  the  mine  or  mines  are  situated,  and  in  the  State  paper,  and  a  copy 
of  such  notice  shall  be  served  personally  upon  the  owners  of  the  land ;  or,  if  they 
are  infants,  upon  their  guardians;  or,  if  lunatics,  or  under  any  other  legal  disa- 
bility, on  the  committee  having  charge  of  them  and  their  property.  And  the  pub- 
lication of  such  notice  in  the  State  paper  shall  be  deemed  a  sufficient  notice  to  such 
owners  as  are  residents  in  other  States  or  in  other  countries,  or  are  temporarily  ab- 
sent from  the  State,  provided  that  when  the  actual  residence  of  such  absentee  is 
known  or  can  be  ascertained,  a  copy  of  such  notice  and  petition  shall  be  sent  theiu 
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by  mail.  All  the  parties  interested  shall  be  entitled  to  a  hearing  before  such  com- 
missioners, at  such  time  or  times  as  said  commissioners  shall  appoint.  The  report 
of  the  commissioners  shall  state  : 

(1.)  The  existence  of  the  mine  or  mines  proposed  to  be  worked. 

(2.)  The  names  of  the  parties  owning  the  land  in  which  the  mine  or  mines  are 
situated,  and  the  owners  of  the  adjacent  lands,  so  far  as  they  are  affected  by  the  appli- 
cation, and  the  nature  and  value  of  their  interest  in  the  same,  individually.  A  map 
of  such  lands,  from  actual  survey  by  metes  and  bounds,  shall  accompany  the  report. 

(3.)  An  estimate  of  the  damages  to  such  owners  from  the  contemplated  use  and 
occupation  of  their  lands. 

(4.)  Such  other  information  as  the  court  may  direct. 

Sec.  10.  The  report  of  the  commissioners  shall  be  made  within  a  reasonable 
time,  to  be  fixed  by  the  court.  An  order  shall  be  made,  in  the  discretion  of  the 
court,  either  denying  the  petition  or  granting  it,  determining  the  quantity  of  land 
necessary  for  working  the  mine  or  mines,  the  damage  to  the  property  by  taking  pos- 
session thereof,  and  the  annual  rent  or  the  compensation  to  be  paid  to  the  owner, 
lessee,  or  occupant  thereof,  so  long  as  the  use  and  occupation  shall  continue.  And 
thereupon  the  company,  in  whose  favor  the  order  shall  be  made,  upon  payment  of 
the  damages  and  upon  entering  into  an  agreement,  to  be  approved  by  the  court,  to 
pay  the  annual  rent  or  the  compensation  and  damages  thus  determined,  shall  have 
the  right  to  enter  upon  and  occupy  and  use  the  land  set  apart  by  such  order,  so  long 
as  they  or  their  assignees  shall  work  the  said  mine  or  mines,  and  shall  pay  the  said 
annual  rent  or  compensation. 

Sec.  11.  If  the  parties  owning  the  land  are  infants,  or  otherwise  incompetent  to 
act,  the  court  shall  appoint  guardians  to  take  care  of  their  interests,  and  shall  direct 
how  any  damages  assessed,  or  compensation  or  rents  to  become  due,  shall  be  paid 
and  invested  to  their  benefit. 

B.  Chapter  317,  Laws  of  1894. 

This  became  a  law  April  18,  1894,  but,  according  to  its  final  sec- 
tion, would  not  take  effect  until  October  1,  1894.  It  is  entitled 
"An  Act  in  Relation  to  the  Public  Lands,  Constituting  Chapter 
XI.  of  the  General  Laws,"  and  was,  therefore,  doubtless  prepared 
by  the  State  Commissioners,  who  are  engaged  in  the  codification  into 
the  General  Laws  of  the  various  Acts  passed  from  time  to  time,  but 
who  do  not  always,  as  it  seems  to  me,  either  exactly  retain  the  sense 
of  previous  statutes  or  refrain  from  original  additions.  No  doubt 
their  work,  when  submitted  to  the  Legislature  and  its  committees,  is 
less  closely  scrutinized  than  are  the  bills  introduced  by  individuals. 
It  is  to  be  presumed  that  they  would  not  smuggle  into  the  General 
Laws  provisions  of  disguised  special  legislation.  Nor  is  it  necessary 
to  infer  from  this  chapter  that  such  motives  underlie  it,  although,  as 
I  shall  point  out,  it  contains  some  objectionable  features,  both  old 
and  new ;  its  chief  fault,  however,  being  that  it  codifies  past,  and  to 
some  extent  practically  obsolete,  legislation,  which  was  neither  suffi- 
cient nor  suitable  to  constitute  a  mining  code.     I  refer,  not  to  the 
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whole  chapter,  but  to  those  sections  of  it  which  concern   raining. 
These  I  now  quote,  with  comments  upon  each  section. 

CHAPTER  XI.  OF  THE  GENERAL  LAWS.— THE  PUBLIC  LANDS 

LAW. 

Article  XL— Mines. 
Section  80.  State  mines. 
Section  81.  Working  of  mines. 
Section  82.  Private  property  in  mines. 
Section  83.  Notice  of  discovery;  bounty  to  discoverer. 
Section  84.  Permission  for  entry  upon  lands  to  work  mines. 
Section  85.  Entry  by  corporations  to  work  mines. 

Section  80.  State  Mines. — The  following  mines  are  the  property  of  the  people  of 
this  State  in  their  right  of  sovereignty: 

1.  All  mines  of  gold  and  silver  discovered,  or  hereafter  to  be  discovered,  within 
this  State. 

2.  All  mines  of  other  metals  discovered,  or  hereafter  to  discovered,  upon  any 
lands  owned  by  persons  not  being  citizens  of  the  United  States. 

3.  All  mines  of  other  metals  discovered,  or  hereafter  to  be  discovered,  upon  lands 
owned  by  a  citizen  of  the  United  States,  the  ore  of  which,  on  an  average,  shall  con- 
tain less  than  two  equal  third  parts  in  value  of  copper,  tin,  iron  and  lead,  or  any  of 
those  metals. 

4.  All  mines  and  all  minerals  and  fossils  discovered,  or  hereafter  to  be  discovered, 
upon  any  lands  belonging  to  the  people  of  this  State. 

This  re-enacts,  almost  verbatim,  Sections  1  and  2  of  Statute  A. 
There  is  one  difference,  doubtless  due  to  ignorance  and  oversight. 
The  inclusion,  among  the  mines  which  are  declared  to  be  "the 
property  of  the  people  of  this  State  in  their  right  of  sovereignty," 
of  "all  mines  and  all  minerals  and  fossils  discovered,  or  hereafter 
to  be  discovered,  upon  any  lands  belonging  to  the  people  of  this 
State,"  is  the  result  of  a  clumsy  condensation  of  Sections  1  and  2 
of  Statute  A  into  a  single  section.  The  framers  of  that  law,  which 
was  based  on  the  earlier  statute  of  1789,  knew  enough  about  the 
"right  of  sovereignty"  not  to  claim  under  it  the  miscellaneous 
mineral  products  to  which  no  English  sovereign  had  ever  even  as- 
serted a  claim.  It  was  left  for  American  legislators,  on  the  thresh- 
old of  the  twentieth  century,  not  only  to  re-assert  a  monarchical 
theory  condemned  long  ago  by  progressive  civilization,  but  to  ex- 
tend it  even  beyond  the  bounds  hypothetically  set  by  King  John, 
who,  in  1201,  declared  that  all  the  tin-mines  in  his  kingdom  be- 
longed to  him,  but  thereupon  immediately  gave  them  away  to  who- 
ever desired  to  dig  for  tin.* 

*  See  my  "  Historical  Sketch  of  Mining  Law,"  in  Min.  Resources  of  the  U.  S., 
for  1883  and  1884,  p.  996.—  U.  S.  Geol.  Survey,  18S5. 
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Nor  was  it  necessary  to  base  the  ownership  of  the  people  of  the 
State  in  the  contents  of  their  own  lands  upon  any  such  absurd  ex- 
tension of  the  "right  of  sovereignty."  They  own  the  minerals, 
according  to  common  law,  simply  because  they  own  the  lands.  This 
ridiculous  assertion  of  another  source  of  title  has,  therefore,  no  effect 
whatever;  and  we  may  pass  it  by  without  further  comment. 

Section  81.  Working  of  Mines. — Any  citizen  of  this  State  discovering  a  valuable 
mine  or  mineral  upon  lands  belonging  to  the  State  and  filing  the  notice  of  discovery 
required  by  this  article  may  work  such  mine,  and  he  and  his  heirs  or  assigns  shall 
have  the  sole  benefit  of  all  products  therefrom  on  the  payment  into  the  State  treas- 
ury of  a  royalty  of  2  per  centum  of  the  market  value  of  all  such  products.  Such 
valuation  shall  be  made  when  such  products  shall  first  be  in  a  marketable  form. 
A  statement  of  the  amounts  sold  or  removed  from  the  premises  covered  by  such 
notice  of  claim,  and  of  the  trees  cut  or  destroyed  upon  such  lands,  shall  be  made 
semi-annually,  under  oath,  to  the  Secretary  of  State,  and  payments  of  such  royalty 
shall  be  made  semi-annually  to  the  State  Treasurer,  under  oath  as  to  the  amount 
thereof,  on  the  basis  of  such  semi-annual  statement  to  the  Secretary  of  State.  Any 
wilful  falsehood  in  the  contents  of  such  statement  to  the  Secretary  of  State  or  State 
Treasurer  in  regard  to  such  royalty  shall  work  a  forfeiture  to  the  State  of  the  value 
of  the  whole  amount  mined  during  the  period  covered  by  such  statements. 

This  is  practically  copied  from  Chapter  411  of  1890,  which  ex- 
tends the  provisions  of  Sections  4,  5.  6  and  7  of  Statute  A  (which 
mentioned  gold-  and  silver-mines  only),  so  as  to  make  them  cover 
any  "valuable  mine  or  mineral"  discovered  upon  State  lands,  and 
also  introduced  certain  new  references  to  the  cutting  of  timber,  due, 
no  doubt,  to  the  public  interest  in  the  forest-preservation.  I  think 
that  the  Act  of  1890  was  probably  procured  by  parties  desiring  to 
work  mines  of  other  character  than  gold  or  silver  and  situated  on 
the  forest-reserve  of  the  State.  The  two  per  cent,  royalty  need  not 
be  discussed  here,  as  it  has  since  been  abolished  by  Statute  C. 

Section  82.  Private  Property  in  Mines. — All  mines  of  whatever  description,  other 
than  mines  of  gold  and  silver,  discovered,  or  hereafter  to  be  discovered,  upon  any 
lands  owned  by  a  citizen  of  any  of  the  United  States,  the  ore  of  which,  on  an 
average,  contains  two  equal  third  parts  or  more  in  value  of  copper,  tin,  iron  and 
lead,  or  any  of  those  metals,  shall  belong  to  the  owner  of  such  land. 

This  is  Section  3  of  Statute  A,  and,  like  that  section,  it  reserves 
to  the  State  mines  of  manganese,  zinc,  quicksilver,  nickel,  cobalt, 
platinum,  iridium,  etc.  I  have  discussed  its  vagueness  aud  unwis- 
dom in  my  former  paper. 

Section  83.  Notice  of  Discovery ;  Bounty  to  Discoverer. — No  person  discovering 
a  mine  of  gold  or  silver  within  this  State  shall  work  the  same  until  he  gives  written 
notice  thereof  to  the  Secretary  of  State,  which  shall  be  registered  in  a  book  to  be 
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kept  by  such  Secretary,  describing  particularly  the  nature  and  situation  of  tbe  mine. 
Such  person,  and  his  executors,  administrators  and  assigns,  shall  be  exempted  from 
paying  to  the  people  of  the  State  any  part  of  the  ore-produce  or  profit  of  such  mine 
for  the  term  of  twenty-one  years,  to  be  computed  from  the  time  of  giving  notice  of 
such  discovery,  and  after  the  expiration  of  such  term  the  discoverer,  or  his  repre- 
sentatives, shall  be  preferred  in  any  contract  for  the  working  of  such  mine  made 
with  the  Legislature,  or  under  its  authority. 

Substantially  the  same  as  Sections  4,  5  and  6  of  Statute  A. 

Section  84.  Permission  for  Entry  upon  Lands  to  Work  Mines. — Nothing  contained 
in  this  article  shall  affect  any  grant  heretofore  made  by  the  Legislature  to  persons 
having  discovered  mines,  nor  be  construed  to  give  any  person  a  right  to  enter  upon 
or  break  up  the  lands  of  any  other  person,  or  of  the  State,  or  to  work  any  mine  in  such 
lands,  unless  the  written  consent  of  the  owner  thereof,  or  of  the  Commissioners  of  the 
Land  Office,  when  the  lands  belong  to  the  State,  shall  be  previously  obtained.  Per- 
mission to  erect  buildings  for  working  mines  upon  State  lands  within  the  forest  pre- 
serve may  be  given  by  the  Forest  Commission,  and  elsewhere  by  the  Commissioners 
of  the  Land  Office,  when  such  lands  are  entirely  denuded  of  timber  or  when  such 
commission  or  commissioners  are  satisfied  that  the  erection  or  occupation  of  such 
building  will  not  be  detrimental  to  the  interests  of  the  State.  Nothing  in  this  ar- 
ticle shall  authorize  any  person  working  a  mine  upon  State  lands  to  cut  or  destroy 
any  timber  whatever,  except  such  trees  as  it  may  be  actually  necessary  to  remove 
in  order  to  uncover  or  make  a  road  to  such  mine.  For  each  tree  measuring  four 
inches  or  more  in  diameter  at  a  height  of  one  foot  from  the  ground,  which  shall  be 
so  cut,  the  party  operating  the  mine  shall  pay  into  the  State  treasury  the  sum  of 
one  dollar. 

The  first  part  of  this  section  is  identical  with  Section  7  of  Statute 
A.  The  second  part,  referring  to  buildings  and  timber,  is  taken 
from  the  Act  of  1890,  and  evidently  contemplates  mining  in  the 
forest  reserve. 

Section  85.  Entry  by  Corporations  to  Work  Mines. — Corporations  formed  for  the 
purpose  of  working  and  having  lawful  authority  to  work  mines  found  within  this 
State  may  acquire  the  right  and  easement  to  enter  upon  and  break  up  lands  neces- 
sary for  the  operation  of  such  mines,  and  if  the  written  consent  of  the  person  in  or 
upon  whose  lands  such  mine  or  mines  are  found  shall  be  refused  or  cannot  be  ob- 
tained by  agreement,  or  by  reason  of  the  infancy  or  absence  of  such  person  from 
the  State,  or  other  legal  disability  of  the  owners  of  such  lands,  every  such  corpora- 
tion may  acquire  such  right  and  easement  by  condemnation,  which  right  and  ease- 
ment, when  so  acquired,  shall  be  deemed  to  have  been  so  granted  for  a  public  use 
and  for  the  public  purpose  of  obtaining  minerals  reserved  to  the  State.  Before  in- 
stituting any  proceeding  for  such  condemnation,  the  corporation  shall  file  with 
the  commissioners  of  the  land  office  a  full  description  of  the  location  of  such 
lands,  and  obtain  a  grant  of  the  right  to  acquire  such  right  and  easement 
from  such  commissioners  who  are  authorized  to  make  the  same  and  fix  the  terms 
thereof. 

This  section  seems  to  repeat  the  provisions  of  Section  8  of  Statute 
A,  but  Sections  9,  10,  and  11  of  that  law,  which  prescribe  in  detail 
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the  proceedings  required  for  the  acquirement  of  right  of  entry  by 
condemnation,  are  not  re-enacted,  and  the  changes  of  the  phraseology 
of  the  former  law  which  appear  in  the  new  one  are,  perhaps,  sig- 
nificant. In  one  particular  thp  alteration  is  an  improvement.  Sec- 
tion 8  of  Statute  A  says  that  if  a  corporation,  such  as  described, 
cannot,  for  the  reasons  enumerated,  obtain  right  of  entry,  etc.,  by 
private  agreement,  it  may  enter  upon  and  break  up  private  lands 
"  for  the  purpose  of  working  such  mine  or  mines  in  the  manner 
hereinafter  provided,  and  the  right  and  easement  so  to  do  shall  be 
deemed  granted  for  public  use,  and  for  the  public  purpose  of  obtain- 
ing minerals  reserved  to  the  State,  and  the  said  right  and  easement 
are  hereby  granted  to  the  corporation  so  formed,  on  their  filing  with 
the  Commissioners  of  the  Land  Office  a  full  description  of  the  location 
of  such  land,  and  obtaining  a,  grant  therefor  from  said  Commissioners, 
icho  are  hereby  authorized  to  make  such  grant  and  file  the  terms 
thereof" 

The  words  which  I  have  italicized  iu  this  quotation  apparently 
give  to  the  Commissioners  of  the  Land  Office  the  power  to  grant, 
without  the  consent  of  the  owner,  and  without  judicial  proceeding, 
the  right  of  entry  on  private  land.  The  only  qualification  appears 
to  be  in  the  words  "  in  the  manner  hereinafter  provided,"  at  the  be- 
ginning of  the  passage  quoted;  and  these  words  may  be  held  to 
apply  to  the  working  of  the  mines  rather  than  to  the  right  of  entry. 
Moreover,  if  they  really  refer  to  the  manner  of  obtaining  that  right, 
the  "hereinafter"  may  as  well  indicate  the  proceedings  before  the 
Land  Office  as  the  judicial  proceedings  prescribed  in  Sections  9,  10, 
and  11.  Indeed,  considering  the  phrase  with  which  Section  9  begins 
("  The  said  company  may  " — not  must — "  file  a  petition  in  the  Su- 
preme Court,"  etc.),  and  the  positive  language  of  Section  10  ("an 
order  shall  be  made,  in  the  discretion  of  the  court  ....  And  there- 
upon the  company  in  whose  favor  the  order  shall  be  made,  .... 
shall  have  the  right  to  enter  upon  and  use  the  land  set  apart  by  such 
order,  so  long  as  they  or  their  assignees  shall  work  the  said  mine  or 
mines,  and  shall  pay  the  said  annual  rent  or  compensation"),  it 
might  be  plausibly  argued  that  Statute  A  designated  two  ways  of 
obtaining  the  right  of  entry  for  mining  upon  private  land ;  namely, 
a  direct  grant  from  the  Land  Office  of  the  State,  or,  at  the  option  of 
the  applicant,  judicial  proceedings  for  condemnation. 

Section  85  of  Statute  B  removes  this  ambiguity  by  requiring  judi- 
cial proceedings  in  all  cases,  and  prescribing  as  a  necessary  prelimi- 
nary to  such  proceedings   the   filing  of  a  full  description  with  the 
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Commissioners  of  the  Land  Office,  and  the  obtaining  from  them  of 
a  grant  of  "  the  right  to  acquire,"  on  terms  fixed  by  them,  the  ease- 
ment referred  to — not  a  grant  of  the  easement  itself.  This  is  an  im- 
portant improvement,  and  if  the  Commissioners  of  the  Land  Office 
would  intelligently  exercise  the  right  hereby  conferred  upon  them, 
by  preparing  a  thorough  and  just  code  of  the  conditions  upon  which 
their  approval  could  be  obtained  in  such  cases,  we  might  secure  under 
this  provision  a  real  and  wholesome  mining  law. 

But  this  remark  is  subject  to  modification,  in  view  of  the  later  act 
of  the  legislature,  now  to  be  considered. 

C.  Chapter  745,  Laws  of  1894. 

This  bill  was  introduced  in  the  Senate,  January  9,  1894,  by  Mr. 
Harvey  J.  Donaldson,  of  Ballston  Spa,  representing  the  1 8th  Sena- 
torial District,  which  comprises  the  counties  of  Saratoga,  Schenec- 
tady, Montgomery,  Fulton,  and  Hamilton.  Hamilton  county,  in 
particular,  includes  a  very  large  area  of  the  State  lands  in  the  Adi- 
rondack region,  and  its  senator  may  be  presumed  to  know  some- 
thing about  the  interests  of  the  State  in  that  region,  and  the  private 
enterprises  likely  to  affect  them.  Moreover,  Mr.  Donaldson  was  a 
member  of  the  Senate  Committee  on  General  Laws,  to  which  com- 
mittee the  bill  he  introduced  was  immediately  referred.  The  same 
committee  must  have  considered  also  Statute  B,  which  originated  in 
the  Assembly,  and,  having  passed  both  houses,  became  a  law  April 
18th,  to  take  effect  October  1st.  It  is  a  circumstance  requiring  ex- 
planation that  Mr.  Donaldson's  bill,  superseding  many  of  the  pro- 
visions of  Statute  A,  was  passed  April  26,  1894,  to  take  effect  imme- 
diately. In  other  words,  the  work  of  the  State  Commissioners  was 
abolished  one  week  after  it  was  enacted,  and  before  it  had  taken  legal 
effect.* 

*  The  legislative  history  of  this  bill  is  as  follows: 

January  9,  1894.  Mr.  Donaldson  introduced  a  bill  entitled  "An  Act  to  amend 
the  Laws  of  1840,  providing  for  the  locating,  owning  and  working  of  mines  of  gold, 
silver  and  other  precious  metals  in  the  State  of  New  York,  and  defining  the  duties 
of  the  mine  discoverers  and  locator  either  on  lands  now  owned  by  the  State  or  the 
lands  previously  sold  by  the  State  to  private  individuals  or  corporations,  and  to 
more  particularly  define  the  rights  of  both  the  mine  owner  and  the  freeholder  of 
any  such  lands  as  have  heretofore  been  sold  by  the  State,  and  to  define  the  duties 
of  the  county  clerks  in  the  State  of  New  York  as  to  the  recording  of  location  and 
transfers  of  ownership  of  mines  in  the  county  records  of  the  county  where  such 
mines  are  located,"  which  was  read  the  first  time,  and,  by  unanimous  consent,  was 
also  read  the  second  time,  and  referred  to  the  Committee  on  General  Laws,  and 
ordered  printed. 
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Statute  C  is  entitled,  "  An  Act  in  Relation  to  Mines/'  and  runs  as 
follows : 

Section  1.  A  person  who  has  discovered  or  shall  discover  a  mine  which  is  the 
property  of  the  State,  or  the  executors,  administrators  or  assigns  of  such  person,  by 
giving  notice  of  such  discovery  in  writing  to  the  Secretary  of  State,  describing  par- 
ticularly the  nature  and  situation  of  the  mine,  he  and  his  executors,  administrators 
and  assigns  shall  be  entitled  to  work  such  mine  and  entitled  to  all  the  ore,  product 
and  profit  of  the  same,  including  all  metals,  minerals  (except  garnets)  and  fossils  in 
such  mine,  for  the  term  of  twenty-one  years  from  the  time  of  giving  such  notice; 
and  shall  be  exempt  from  paying  to  the  State  any  part  of  such  ore,  product  or  profit 
of  such  mine  during  said  term,  and  shall  be  preferred  in  any  contract  for  the  work- 
ing of  such  mine  made  with  the  legislature  or  under  its  authority  after  the  expiration 
of  such  term.  Such  notice  shall  be  registered  in  a  book  to  be  kept  by  said  Secretary 
for  that  purpose.  A  person  filing  such  notice  shall  be  known  as  a  locator,  and  his 
interest  in  the  lands  described  in  such  notice  as  a  location. 

This  section  gives  to  the  discoverer  of  "  a  mine  which  is  the  prop- 
erty of  the  State/'  his  executors,  administrators  or  assigns,  the  right 
to  work  the  mine  for  twenty-one  years  without  any  payment  to  the 
State,  and  a  certain  preference  thereafter,  upon  the  simple  condition 

The  Committee  on  General  Laws  was  composed  as  follows: 

Harvey  J.  Donaldson  (18th  District),  Ballston  Spa;  Charles  W.  Stapleton  ("24th 
District),  Morrisville;  Cuthbert  W.  Pound  (29th  District),  Lockport ;  Frederick 
D.  Kilburn  (21st  District),  Malone ;  William  H.  Reynolds  (3d  District),  273  Han- 
cock Street,  Brooklyn;  Thomas  C.  O'Sullivan  (12th  Dist.ict),  253  Broadway,  New 
York  City;  Joseph  C  Wolff  (11th  District),  80  Nassau  Street,  New  York  City  ; 
Charles  L.  Guy  (13th  District),  2  Wall  Street,  New  York  City. 

March  1,  1894.  Mr.  Stapleton,  from  the  Committee  on  General  Laws,  to  which 
was  referred  the  bill  introduced  by  Mr.  Donaldson,  reported  in  favor  of  the  passage 
of  the  same,  with  amendments,  and  the  title  amended  so  as  to  read,  "An  Act  in 
Relation  to  Mines,"  which  report  was  agreed  to,  and  said  bill  committed  to  the 
Committee  of  the  Whole. 

March  6,  1894.     The  bill  was  considered  in  the  Committee  of  the  Whole. 

March  28,  1S94.  The  bill  was  read  the  third  time,  and  passed  by  the  following 
vote:  In  the  affirmative,  Messrs.  Childs,  Collins,  Coggeshall,  Kilburn,  Lamy, 
Lexow,  McMahon,  O'Conner,  O'Donnel,  Owens,  Parker,  Parsons,  Pound,  Rice, 
Robertson,  Saxton,  Smelzer,  Stapleton,  Wolfert.  In  the  negative,  Messrs.  Ahearn, 
Bradley,  Coffey,  Reynolds. 

April  2^,  1894.  The  Assembly  returned  the  bill,  with  amendments,  consisting  in 
the  insertion,  in  two  places,  of  the  words  ''except  garnets."  On  motion  of  Mr. 
Donaldson,  the  Senate  concurred  in  these  amendments,  and  the  bill  was  passed,  the 
following  senators  voting  in  its  favor :  Messrs.  Ahearn,  Bradley,  Cantor,  Coggeshall, 
Collins,  Smelzer,  Donaldson,  Higgins,  Kilburn,  Lamy,  Lexow,  Stapleton,  Mullin, 
O'Conner,  O'Donnel,  O'Sullivan,  Owens,  Sullivan,  Parker,  Parsons,  Persons,  Pound, 
Saxton,  Wolff,  Wolfert.     The  Governor  signed  the  bill  May  22d. 

In  my  comments  on  Statute  C,  I  have  assumed  that  it  effectively  repeals  all  parts 
of  Statute  B  which  would  conflict  with  it,  if  Statute  B  had  been  in  effect  at  the  time 
of  its  passage.  This  I  understand  to  be,  in  fact,  its  legal  force,  but  the  following 
vol.  xxiv. — 46 


722  THE    NEW    MINING    LAW   OF    NEW    YORK. 

of  filing  with  the  Secretary  of  State  a  notice  of  such  discovery,  de- 
scribing particularly  "the  nature  and  situation  of  the  mine;"  and 
with  fine  sarcasm,  this  claimant,  who  is  not  required  to  prove  his 
discovery,  or  to  define  any  boundaries  for  his  claim,  is  to  be  known 
as  a  "  locator,"  and  his  vague  interest  as  a  "  location  !" 

It  will  be  observed  that  this  is  an  extension  of  the  provision  of 
Section  81  of  Statute  B,  which  covered  only  mines  upon  land  belong- 
ing to  the  State,  whereas  this  includes  all  mines  "belonging  to  the 
State,"  though  they  be  on  private  lands.  Moreover,  it  abolishes  the 
requirement  of  2  per  cent,  royalty  imposed  by  that  section. 

Further  remarks  on  the  extraordinary  grant  here  enacted  will  be 
better  understood  after  the  citation  of  the  rest  of  the  act.  I  will  only 
call  attention  here  to  the  peculiar  parenthetical  reservation  of  garnets 
from  the  grant  to  the  discoverer,  which  is  repeated  in  the  following 
section.  So  far  as  I  can  see,  the  legal  effect  of  this  reservation  is  to 
prevent  all  extraction  of  garnets  from  the  rocks  of  the  State  of  Xew 
York.  I  have  not  been  able,  so  far,  to  discover  the  reason  of  this 
curious  exception  (which  originated  in  the  Assembly),  and  can  con- 
seive  only  two  alternatives.  Either  some  rural  legislator,  who  had 
found  garnets  in  the  rocks  on  his  farm,  may  have  threatened  to 
oppose  the  bill  unless  he  was  protected  against  garnet-miners,  or  else 
there  is  another  neat  little  act  in  preparation,  which  shall  favor  a 
garnet-mining  scheme.     The  special  object  of  Statute  C  is,  of  course, 

curious  and  subtle  question,  suggested  by  the  peculiar  time-relations  of  Semites  B 
and  C,  is  worthy  of  notice. 

Statute  B  was  passed  April  18th,  to  take  effect  October  1st.  Statute  C  was  signed 
May  22d,  to  lake  effect  immediately.  Statute  B  requires  sundry  proceedings  and 
conditions  which  Statute  C  does  not  require.  Among  these  is  the  payment  of  2  per 
cent,  royalty  to  the  State.  Statute  C  does  not  explicitly  repeal  Statute  B,  and  the 
question  is  whether,  under  these  circumstances,  Statute  C  may  not  be  considered  as 
applicable  only  (in  the  particulars  in  which  it  differs  from  B,  for  instance,  in  the 
matter  of  royalty  to  the  State)  to  the  period  between  the  time  of  its  passage  and  the 
time  when  B  was  to  take  effect.  I  understand  the  rule  to  be  that  any  provision  of 
previous  legislation  inconsistent  with  a  later  act  is  ipso  facto  repealed  by  it.  But  it 
is  conceivable  that  the  provision-;  of  Statute  B  may  be  held  not  to  be  inconsistent 
with  those  of  Statute  C;  or,  in  other  words,  that  the  free  gift  of  mines  under  C  may 
be  held  to  have  terminated  October  1, 1891,  when  B  took  effect.  In  that  case,  mines 
discovered  and  recorded  before  October  1st  woidd  be  free  of  royalty,  and  mines  sub- 
sequently discovered  would  be  liable  to  royalty.  If  Statute  C  were,  in  form,  legis- 
lation for  the  benefit  of  private  parties,  this  question  might  be  more  serious  than  I 
now  think  it  to  be,  for  private  acts  are  strictly  construed  against  their  beneficiaries. 
But  it  has  been  drawn  in  the  form  of  general  legislation,  and  I  presume  it  would 
be  held  to  have  repealed  absolutely  all  previous  provisions  imposing  royalty, 
and  all  safeguards,  such  as  I  have  pointed  out,  which  it  does  not  specifically  re- 
quire. 
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not  garnets,  but  something  the  mention  of  which  is  carefully  avoided 
— very  probably,  as  we  shall  see,  platinum. 

Section  2.  Such  locator,  his  executors,  administrators  or  assigns  may  enter  upon 
or  break  up  the  land  of  any  person  where  said  mine  so  discovered  is  found  for  the 
purpose  of  working  the  same,  and  may  excavate,  blast  and  erect  machinery,  build- 
ings or  other  structures  and  to  do  all  such  work  as  may  be  necessary  for  the  produc- 
tion of  ore  and  extraction  of  minerals  (except  garnets),  metals  or  fossils,  therefrom 
without  hindrance  from  the  owner,  lessee  or  occupant  of  such  lands;  and  the  right 
and  easement  so  to  do  shall  be  deemed  granted  for  public  use,  and  for  the  public 
purpose  of  obtaining  minerals  reserved  to  the  State  and  for  encouraging  the  discovery 
and  production  of  such  minerals.  But  before  any  such  locator,  executors,  adminis- 
trators or  assigns  shall  break  up  the  surface  of  any  land  he  shall  deposit  with  the 
county  treasurer  of  the  county  in  which  said  land  or  any  part  thereof  is  situated, 
such  sum  of  money  or  such  securities  as  shall  be  fixed  and  approved  by  the  county 
judge  of  the  county,  or  a  Justice  of  the  Supreme  Court  of  the  judicial  district  within 
which  such  land  or  any  part  thereof  is  situated  as  security  for  the  payment  of  any 
damages  that  may  be  awarded  the  land-owner  in  any  proceeding  brought  as  here- 
inafter described  ;  or  execute  a  written  undertaken  in  such  penal  sum  as  such  judge 
or  justice  prescribes,  with  sufficient  sureties,  conditioned  to  pay  all  such  damages 
so  awarded.  The  order  fixing  and  approving  the  amount  of  money  or  the  securities 
or  the  undertaking  prescribed  by  this  section  shall  be  made  on  application  of  such 
locator,  executors,  administrators  or  assigns,  and  on  such  notice  to  such  land-owner, 
as  such  judge  or  justice  directs.  All  damages  sustained  by  the  land  owners  from 
such  entries,  excavations,  blasting,  or  erection  of  machinery,  buildings  or  other 
structures  shall  be  paid  to  the  land-owner  by  such  locator,  executors,  administrators 
or  assigns;  but  should  he  or  they  and  the  land-owner  fail  to  agree  in  writing  as  to 
the  amount  of  such  damages  so  sustained,  the  damages,  if  any,  shall  be  ascertained 
and  awarded  in  a  proceeding  instituted  for  that  purpose  in  accordance  with  the 
provisions  of  the  condemnation  law.  But  in  assessing  damages  the  Commissioners 
shall  take  into  account  all  moneys  previously  paid  by  the  discoverer  to  the  land- 
owner for  the  privilege  of  prospecting,  and  the  final  order  of  the  court  shall  be  final 
and  conclusive.  Such  proceedings  must  be  instituted  within  two  years  from  the 
time  of  filing  the  certified  copy  of  the  notice  of  discovery  with  the  county  clerk,  as 
provided  in  the  next  section.  If  such  proceeding  is  not  so  taken,  or  should  such 
locator,  executors,  administrators  or  assigns  fail  to  pay  the  amount  of  damages 
awarded  by  the  final  order  of  the  court  within  thirty  days  after  the  service  of  a  copy 
of  such  order,  such  location  shall  be  deemed  abandoned,  and  the  land-owner  may 
maintain  an  action  to  eject  such  locator,  executors,  administrators  or  assigns  from 
said  lands,  or  to  enjoin  him  or  them  from  further  work  on  the  same  or  for  both  such 
ejection  and  injunction,  and  for  damages. 

The  audacity  of  this  section  almost  surpasses  belief.  It  will  be 
seen  upon  careful  study,  that  the  said  "  locator  "  or  his  legal  repre- 
sentatives may  enter  upon  private  land  for  the  purpose  of  working 
any  mine  "so  discovered  "  (i.e.,  notice  of  the  discovery  of  which  has 
been  given  to  the  Secretary  of  State),  without  any  preliminary  legal 
notice  or  proceeding  whatever.  The  owner  of  the  land  must  submit 
to  have  his  property  overrun  by  alleged  "  locators,"  so  long  as  they 
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do  not  "  break  up  the  surface."  When  they  want  to  do  that,  they 
must  get  the  right  to  do  it ;  but  this  is  to  be  acquired  by  simply  deposit- 
ing with  the  county  treasurer  such  sum  or  such  security  as  the 
county  judge  or  a  Justice  of  the  Supreme  Court  may  deem  proper  to 
assure  the  payment  of  damages,  if  any  should  be  subsequently 
awarded  ;  or,  the  locator  may  simply  execute  a  bond  acceptable  to 
the  court,  for  the  payment  of  such  damages.  This  seems  to  sweep 
away  all  the  safeguards  attending  ordinary  proceedings  in  condemna- 
tion of  private  property  for  public  uses.  There  is  no  authority 
anywhere  to  refuse  the  grant.  The  grant  is  already  positively  given 
by  the  law,  as  soon  as  the  notice  of  discovery  lias  been  filed.  The 
Commissioners  of  the  Land  Office  are  left  out  altogether.  The 
court  must  act  on  the  application  of  the  locator,  not  to  decide  whether 
he  has  really  made  a  discovery,  and  whether  the  "  mine  "  discovered 
belongs  to  the  State  at  all,  but  solely  to  fix  the  amount  of  the  bond 
or  deposit  preliminary  to  the  commencement  of  actual  "  breaking-up 
of  the  surface."  I  do  not  see  that  the  Secretary  of  State  has  any 
right  to  refuse  to  receive  and  record  a  notice  of  discovery  until  satis- 
factory proof  of  its  existence  and  nature  has  been  given.  The  land- 
owner has  no  opportunity  to  dispute  the  alleged  fact.  The  notice 
itself  is  not  made  public,  nor  is  the  location  required  to  be  marked 
on  the  ground.  The  only  way  in  which  a  land-owner  can  ascertain 
whether  he  is  threatened  with  mining  operations  is  to  visit  daily  the 
office  of  the  Secretary  of  State  at  Albany,  and  look  over  his  book. 
And  if,  some  day,  a  "  notice  of  discovery  "  should  be  found  in  that 
book,  the  land-owner  has  no  remedy  under  this  statute.  The  right 
of  entry  upon  his  property  is  already  ipso  facto  given  away  ; 
and  the  right  to  break  up  the  surface  is  irrevocably  granted  also, 
subject  only  to  the  opinion  of  a  judge  as  to  the  proper  security  for 
the  damages  which  may  be  subsequently  decreed,  in  a  proceeding 
begun  within  two  years.  Is  it  possible  that  this  astounding  oppres- 
sion can  be  permitted,  even  to  the  Legislature  of  the  State,  under 
the  Constitution?  Is  this  the  taking  of  private  property  for  public 
uses,  under  the  right  of  eminent  domain,  by  "due  process  of  law?"* 

*  It  is  not  my  purpose  to  go  into  the  constitutional  argument  in  detail  on  this 
occasion.     But  I  may  be  permitted  to  make  some  brief  suggestions : 

1.  Statute  B  (Section  85)  declares  that  a  corporation  may  obtain  by  condemnation 
the  right  to  enter  and  break  up  private  lands  for  the  purpose  of  "  working  mines, 
which  right  and  easement,  when  so  acquired,  shall  be  deemed  to  have  been  so 
granted  for  a  public  use  and  for  the  public  purpose  of  obtaining  minerals  reserved  by 
the  State."  But  the  mere  declaration  by  the  legislature  that  a  certain  enterprise 
"  shall  be  deemed  to  be"  for  a  public  use,  does  not  preclude  the  inquiry,  whether 
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Again,  it  is  to  be  observed  that,  whereas  Statute  B  confined  cer- 
tain privileges  to  incorporated  companies,  this  one  extends  its  still 
wider  privileges  to  individuals.  The  change  is,  so  far,  a  bad  one, 
because  the  State  has  powers  and  means  of  inspection  and  control 
over  corporations  which  it  cannot  easily  employ  with  regard  to  in- 
dividuals. On  the  other  hand,  the  individuals  here  specified  must 
be  actual  discoverers  or  their  legal  representatives.  I  do  not  see 
how  any  mine  previously  known  can  be  re-discovered  and  acquired 
under  this  law.  But  perhaps  Section  85  of  Statute  B  still  survives, 
in  which  case  a  corporation  may  attack  any  mine,  old  or  new. 

Section  3.  The  county  clerk  of  the  county  in  which  such  location  is  situated, 
shall  record  and  index  as  a  conveyance  of  real  estate  from  the  people  of  the  State, 
a  copy  of  the  notice  of  discovery  of  any  mine  heretofore  or  hereafter  located,  to  be 
furnished  by  such  locator,  executors,  administrators  or  assigns,  and  certified  by  the 
Secretary  of  State ;  and  such  locator,  executors,  administrators  or  assigns,  shall  have 
priority  of  right  to  and  in  such  location  according  to  the  priority  of  record  thereof 
with  such  county  clerk.  Conveyances  or  mortgages  of  such  location  or  mine  or  of 
any  interest  therein  shall  thereafter  be  recorded  in  such  county  the  same  and  with 
the  same  effect  as  other  conveyances  or  mortgages  of  real  estate. 

Section  4.  Nothing  in  this  act  contained  shall  affect  the  rights  of  any  person  in 
and  to  a  mine  or  location  heretofore  discovered  upon  lands  belonging  to  the  State, 
if  a  certified  copy  of  the  notice  of  discovery  thereof  is  filed  in  the  office  of  the  clerk 

the  purpose  is  in  fact  public,  in  such  a  sense  as  to  justify  the  exercise  of  the  right 
of  eminent  domain.  And  whatever  might  be  the  answer  to  this  question  under  the 
conditions  of  Statute  B,  which  makes  the  State  profit  by  the  mines  to  the  extent  of 
2  per  cent,  royalty,  there  is  little  doubt  that  under  Statute  C,  which  grants  the  mines 
without  royalty,  the  enterprise  is  not  "  public."  The  general  indirect  benefit  to  the 
State  from  having  mines  worked,  is  not  enough  to  make  the  purpose  a  "  public  " 
one.  This  principle  has  been  settled  in  several  leading  cases,  in  New  York  and 
other  States. 

2.  Statute  C,  proceeding  on  the  theory  that  the  right  of  eminent  domain  will 
cover  the  case,  does  away  with  all  the  safeguards  by  which  the  exercise  of  that 
right  has  been  hitherto  surrounded,  and  practically  takes  private  property  without 
any  due  process  of  law.     This  is  sufficiently  shown  in  the  present  paper. 

The  general  rule  is,  that  private  property  can  be  taken  for  public  purposes  only 
after  regular  judicial  proceedings  in  condemnation,  and  usually  only  after  the  owner 
has  been  paid.  This  rule  has  been  modified  somewhat  in  the  New  York  elevated 
railroad  cases,  in  which  the  roads  have  been  erected  first,  and  the  damages  settled 
afterwards.  But  in  those  cases  the  real  estate  of  private  owners  was  not  taken  before 
condemnation ;  and,  as  I  understand  it,  the  courts  have  recognized  a  distinction 
between  such  a  trespass  upon  real  estate  and  the  indirect  injury  wrought  by  depri- 
vation of  light  and  air,  etc.,  through  a  structure  erected  outside  of  private  property. 
In  other  words,  no  elevated  railroad  has  ever  been  permitted  to  cross  private  prop- 
erty or  take  possession  of  it  for  switches,  stations,  etc.,  without  first  paying  for  it. 
These  cases,  therefore,  do  not  cover  the  intrusion  upon  private  property  before  and 
without  judicial  condemnation,  authorized  by  Statute  C. 
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of  the  county  where  such  mine  or  location  is  situated,  within  one  year  after  the  pas- 
sage of  this  act. 

Section  5.  This  act  shall  take  effect  immediately. 

Remarks  on  these  sections  will  be  found  among  the  general  ob- 
servations  below : 

From  the  legislative  history  of  Statute  C,  it  appears  that  the 
original  bill  introduced  by  Mr.  Donaldsou  referred  to  the  precious 
metals  only,  as  its  title  clearly  indicated.  The  enlargement  of  its 
scope  to  cover  all  mines  "belonging  to  the  State,"  must  have  been 
effected  in  the  committee.  In  this  connection,  I  quote  from  the 
stenographer's  report  the  remarks  made  in  the  Senate  by  Mr.  Staple- 
ton,  which  constituted  the  whole  of  the  debate  on  the  bill : 

"This  bill  has  been  before  the  Committee  on  General  Laws  for  nearly  two 
months.  The  only  change  this  bill  makes  in  the  existing  law  is  entirely  for  the 
benefit  of  the  land-owner.  It  simply  provides  that  locators  and  prospectors  may 
enter  upon  lands  and  stake  out  claims,  upon  doing  which  they  must  file  with  the 
Secretary  of  State  a  certificate  of  location.  Also  that  an  order  may  be  procured 
from  the  county  court  or  Supreme  Court  compelling  them  to  file  an  undertaking  to 
pay  any  damages  that  may  arise  or  accrue  to  the  land-owner  or  deposit  a  sum  of 
money  for  that  purpose. 

"This  hill  also  differs  in  one  other  respect  from  the  existing  law.  As  the  law 
now  stands  there  is  nothing  to  prevent  one  man  from  locating  on  top  of  another's 
claim.  This  proposed  law  prevents  that,  and  gives  the  right  to  the  first  locator. 
These  are  the  only  changes  from  the  original  law. 

"The  committee  were  unanimously  of  the  opinion  that  the  law  ought  to  pass  for 
the  benefit  of  people  who  desire  to  locate  mines  in  this  State. 

"I  withdraw  my  request  to  be  excused  from  voting,  and  vote  aye." 

These  statements  totally  misrepresent  the  nature  of  the  bill.  Yet 
they  passed  without  contradiction,  and  apparently  the  Senate  accepted 
them  as  justifying  favorable  action.  As  an  examination  of  the  sev- 
eral acts  shows : 

1.  The  bill  makes  no  change  "for  the  benefit  of  the  land-owner." 

2.  It  does  not  provide  u  that  locators  may  enter  upon  lands  and 
stake  out  claims"  before  filing  a  certificate  of  location. 

3.  It  does  not  provide  that  "  an  order  may  be  procured  "  com- 
pelling locators  to  give  security  for  damages. 

4.  The  previously  existing  law  did  not  leave  it  possible  for  one 
man  to  locate  "on  top  of  another's  claim." 

5.  The  changes  specified  by  Mr.  Stapleton  are  not  the  only  ones 
made  in  the  existing  law.  He  suppresses  mention  of  the  radical 
changes  pointed  out  in  this  paper. 

In  short,  every  assertion  contained  in  this  brief  speech  is  untrue; 
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and  the  statement  at  the  beginning,  that  the  only  change  made  by 
the  bill  "  is  entirely  for  the  benefit  of  the  land  owner,"  is  curiously 
contradicted  by  the  final  statement  that  "the  committee  were  unani- 
mously of  the  opinion  that  the  law  ought  to  pass  for  the  benefit  of 
people  who  desire  to  locate  mines  in  this  State." 

For  greater  clearness  and  comprehensiveness,  I  will  arrange  under 
several  principal  headings  some  further  observations  upon  the  sys- 
tem of  mining  law  thus  suddenly  thrust  upon  this  State. 

1.  Ilinerals  Upon  State  Lands. — Although  much  that  will  be 
said  under  other  headings  below  is  equally  applicable  to  the  lands 
of  the  State,  it  is  convenient  to  consider  here  more  particularly  the 
effect  of  the  above  laws  upon  the  public  domain  of  New  York. 

As  I  have  already  observed,  the  absurd  claim  to  ownership  of  all 
the  minerals  upon  State  lands  by  "  right  of  sovereignty  "  was  not 
necessary.  Statute  A  asserts  this  ownership  by  right  of  property, 
which  is  quite  sufficient.  There  is  nobody  to  dispute  the  title, 
whether  it  was  derived  originally  from  the  North  American  Indians. 
or  the  King  of  Great  Britain,  or  the  King  of  France,  or  the  Pope 
of  Rome — all  of  whom,  at  various  times,  have  laid  claim  to  it,  and 
have  surrendered  whatever  claim  they  asserted.  The  land  of  the 
State,  together  with  all  its  contents  and  appurtenances,  usque  ad  infe- 
ros et  usque  ad  coelu?n,  unquestionably  belongs  to  the  people  of  the 
State  until,  through  their  authorized  representatives,  it  is,  wisely  or 
foolishly,  in  whole  or  in  part,  granted  away.  That  the  mineral  right 
maybe  segregated  and  separately  disposed  of  by  the  State,  as  by  any 
other  land-owner,  is  a  familiar  principle  of  the  common  la"w. 

The  State  being  thus  possessed  of  a  large  area  of  wild  lands,  un- 
doubtedly containing  mineral  deposits  of  value,  one  would  think  that 
the  legislature  should  regard  this  mineral  wealth  as  a  trust  to  be  care- 
fully administered  for  the  benefit  of  the  people.  This  could  be  done 
in  two  ways:  either  by  selling  or  leasing  the  mineral  deposits,  so  as 
to  benefit  thereby  the  treasury  of  the  State,  or  by  granting  the  right 
to  mine  without  payment  to  the  State,  for  the  sake  of  the  general 
public  benefit  resulting  from  such  an  industry.  The  latter  policy 
has  been  pursued  with  good  results  (however  impaired  by  features  of 
the  United  States  law,  which  do  not  concern  us  here)  by  the  Federal 
government  in  the  administration  of  its  public  domain  ;  and,  no 
doubt,  something  may  be  said  in  favor  of  its  adoption  for  the  State 
of  New  York.  That  question  will  not  be  fully  discussed  at  this 
time,  but  I  feel  bound  to  say  that  I  think  a  thorough  consideration 
of  it  would  show  that  there  is  no  such  need  of  the  exploration  and 
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settlement  of  the  public  lands  of  New  York  as  has  existed  with 
regard  to  those  of  the  United  States  in  the  west ;  that  there  is  no 
such  special  benefit  to  be  derived  from  mining  on  the  New  York 
lands  as  would  compensate  the  State  for  giving  its  rights  away;  and 
that  the  forest-problem,  which  is  far  more  important  to  the  common- 
wealth than  the  immediate  development  of  any  mineral  deposits 
now  known  to  exist  in  its  public  lands,  will  be  seriously  complicated 
by  the  granting  of  mining  rights  and  easements,  here  and  there, 
throughout  the  forest  reserve.  But,  assuming  for  the  moment  that 
the  policy  of  free  grants  of  mining  rights  is  a  wise  one  for  the  State, 
we  may  still  fairly  insist  that  the  question  is  too  deeply  important  to 
be  answered  by  hasty  and  partial  legislation,  and  that  such  a  policy 
should  be  expressed  in  a  well-considered  mining  code,  containing 
the  safeguards  suggested  by  the  experience  of  centuries. 

The  United  States,  it  is  true,  grants  to  its  citizens  the  free  right 
of  mining  on  the  public  lands,  but  it  requires  them  at  the  same  time 
to  perform  a  certain  minimum  amount  of  work  annually,  and  to 
obey  other  regulations  necessary  to  the  maintenance  of  possessory 
title.  The  Legislature  of  New  York,  on  the  contrary,  holding  in 
trust  the  land  of  the  people,  deliberately  gives  away  to  the  discov- 
erer for  twenty-one  year's  any  mine  discovered  thereon  without  re- 
quiring him  to  work  it  to  any  given  extent,  or  for  any  given  con- 
tinuous period,  or  at  all.  Neither. the  State  itself  nor  any  citizen 
can  acquire,  during  that  period,  the  right  to  work  that  mine  if  the 
discoverer  or  his  assigns  do  not  make  it  productive.  This  is  dis- 
tinctly a  law  to  discourage  mining,  and  to  encourage  the  speculative 
location  of  mines  without  the  intention  of  serious  immediate  devel- 
opment. The  only  active  mining  which  I  can  think  of  as  possibly 
to  be  stimulated  by  it  might  work  a  very  considerable  injury  to 
vested  interests  in  the  State.  For  the  principal  mineral  deposits 
now  likely  to  prove  valuable  on  the  New  York  public  lands  are  de- 
posits of  iron-ore;  and  iron-ore  is  already  largely  mined  in  the  State 
by  parties  who  either  own  the  lands  they  mine,  and  are  subject  to  the 
taxes  and  the  interest  on  cost,  or  else  pay  rent  or  royalty  to  the  land- 
owner. The  legislature,  squandering  the  assets  of  the  State,  now 
comes  forward  with  the  offer  of  free  iron-mines,  subject  to  no  ground- 
rent  or  taxes  on  real  estate,  under  the  pretense  of  encouraging 
mining.  If  this  measure  should  have  any  extensive  effect,  it  is 
easy  to  say  that  it  might  be  a  serious  injury  to  enterprises  already 
established.  I  think  its  chief  effect,  for  the  present,  will  be  to  put 
the  mineral  resources  of  the  public  lands  into  the  control  of  specu- 
lators. 
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Concerning  the  limit  of  twenty-one  years,  I  say  without  hesitation 
that  it  would  be  better  to  give  the  title  forever.  The  promise  that 
the  discoverer  or  his  representatives  shall  be  preferred  in  any  con- 
tract for  working  the  mine  made  after  the  expiration  of  that  term 
simply  hampers  the  legislature  without  imposing  upon  the  mine- 
operator  any  such  prudence  and  care  as  actual  ownership  dictates  to 
intelligent  self-interest.  This  point,  and  its  bearing  upon  the  eco- 
nomic development  of  the  mineral  wealth  of  the  State,  deserve  a 
brief  further  discussion. 

The  mineral  deposits  on  the  State  lands  may  be  divided  into  two 
classes:  those  which  will  not  be  and  those  which  will  be  more  or  less 
immediately  exploited  in  good  faith  under  this  law.  With  incredible 
stupidity,  the  law  recognizes  no  difference  between  them,  and,  as  I 
have  already  pointed  out,  deposits  of  the  first  class  are  simply  given 
away  to  speculators.  But  it  is  worth  while  to  consider  what  would 
be  the  effect  of  the  law  with  regard  to  the  second  class. 

A  mine  is  discovered  on  State  lands,  and  after  some  years  of  pre- 
liminary development  is  worked  on  a  large  scale,  and  with  large 
profit,  by  a  capitalist  to  whom  the  discoverer  has  sold  it.  The  owner 
becomes  a  millionaire  through  the  bounty  of  the  State,  and  by  vir- 
tue of  a  simple  robbing  of  the  mine,  extracting  recklessly  its  richest 
and  most  accessible  ores.  It  is  his  interest  to  get  as  much  as  he  can 
out  of  the  property  before  the  end  of  his  twenty-one  years  of  free 
occupancy  ;  and  it  is  clearly  not  his  interest  to  sink  deep  shafts,  run 
long  adits,  or  fill  dangerous  openings  with  permanent  supports  for 
the  sake  of  the  future  beyond  that  period.  In  the  worst  case,  he 
will  gut  the  mine  and  let  it  cave,  leaving  it  well-nigh  inaccessible 
for  further  working.  In  the  best  case,  he  will  certainly  not  inaugu- 
rate, during  the  last  few  years  of  his  term,  any  work  of  permanent 
importance,  whether  in  the  way  of  explorations  underground  or  of 
improved  machinery  above  ground.  If  he  understands  his  business, 
he  will  have  the  mine,  at  the  end  of  the  term,  exhausted  of  availa- 
ble reserves.  Even  if  he  desires  to  continue  working  it,  under  the 
new  contract  contemplated  by  the  law  as  to  be  made  or  authorized 
by  the  legislature,  he  will  not  be  such  a  fool  as  to  put  the  mine  into 
promising  condition,  so  as  to  stimulate  rival  bidders  or  attract  the 
attention  of  law-makers  to  its  apparent  value.  For  the  preference 
to  which  he  is  entitled  under  the  law  amounts  only  to  this,  that  he 
can  have  the  mine  to  work  if  he  will  pay  as  much  as  any  one  else 
offers,  or  as  much  as  the  legislature  may  demand,  for  the  privilege. 

But  it  is  not   necessary  to   rely  upon   an    imaginary  illustration. 
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Abundant  experience  shows  the  folly  of  leasing  mineral  lands  with- 
out giving  to  the  lessee  (as  does  the  United  States  law)  the  option  of 
purchase.  An  instance  in  our  own  country  is  furnished  by  the  his- 
tory of  the  anthracite  regions,  in  which  the  operation  of  the  coal- 
mines by  lessees  (usually  for  twenty  years)  wasted  untold  millions 
in  coal  lost  by  reckless  mining,  and  well-nigh  destroyed  forever 
the  value  of  many  mines.  Yet  in  that  case  the  leases  were  sur- 
rounded with  safeguards  as  to  methods  of  mining,  etc.,  all  of  which 
are  conspicuously  absent  from  this  crude  and  silly  repetition  of  a 
ruinous  experiment. 

The  only  possible  way  to  carry  out  such  a  policy  would  be  to  pro- 
vide for  a  rigid  inspection  and  control  by  expert  State  officials  of  the 
details  of  mining  operations,  with  a  view  to  preventing  careless  or 
wanton  destruction  of  the  mineral  property  of  the  State.  Such  a 
system  would  probably  be  both  odious  and  ineffective;  but  to 
adopt  the  rest  of  the  monarchical  programme,  and  leave  that  out,  is 
worse  yet. 

2.  The  Mine. — No  attempt  has  been  made  by  the  legislature  to 
define  what  is  meant  by  "a  mine"  in  either  of  the  statutes  quoted. 
Whatever  it  is,  it  cannot  be  a  mine  in  the  ordinary  significance  of  the 
word,  namely,  an  opening  made  upon  a  mineral  deposit,  because  such 
a  mine  cannot  be  "discovered."  Nor  can  it  be  a  mineral  deposit  of 
known  commercial  value  and  suitable  for  development  by  mining; 
for  these  facts  cannot  be  ascertained  by  simple  "  discovery."  We  are 
forced  to  conclude  that  the  "  mines"  referred  to  by  the  law  are  all 
metallic  mineral  deposits.  With  respect  to  the  State  lands,  building- 
stone,  marl,  phosphate-rock,  clay,  talc,  cement,  petroleum,  coal,  emery, 
sulphur,  salt,  fluorspar,  graphite,  asbestos,  barytes,  etc.,  as  well  as  the 
ores  of  the  metals,  are  clearly  included  in  the  phrase,  "all  mines  and 
all  minerals  and  fossils,"  and  are  given  away  as  recklessly  as  are  the 
metals.  With  regard  to  private  lands,  there  is  a  grant  to  the  land- 
owners of  copper-,  tin-,. iron-,  and  lead-mines,  carrying  two-thirds 
of  their  value  in  these  metals;  and  with  this  exception  mines  of  gold 
and  silver  or  other  metals  are  declared  to  be  the  property  of  the 
State.  I  suppose  this  leaves  the  non-metallic  deposits,  as  the  com- 
mon law  leaves  them,  to  the  land-owner;  yet  the  distinction  is  not 
perfectly  clear  after  all. 

A  mine  of  pyrites,  for  instance,  is  worth  less  for  iron  than  for 
sulphur.  Is  it  included  in  the  "all  mines  of  other  metals"  which 
belong  to  the  State  ? 

Or,  the  ore  of  a  copper-mine,  carrying  very  little  copper,  may  be 
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first  roasted  to  produce  sulphuric  acid  and  subsequently  treated  for 
copper,  and  the  commercial  value  of  the  copper  may  be  less  than 
two-thirds  of  the  whole.  Does  that  mine  belong  to  the  State?  If 
it  does  (and  so  runs  unquestionably  the  letter  of  the  law),  then  the 
State  is  "encouraging  mining"  by  taking  away  a  land-owner's  cop- 
per-mine if  it  is  poor,  and  letting  him  keep  it  if  it  is  rich. 

Or,  a  lead-mine  carries,  together  with  galena,  a  varying  propor- 
tion of  zinc-blende.  Does  it  belong  to  the  State  whenever  the  zinc- 
value  rises  above  one-third,  and  does  it  revert  to  the  land-owner 
whenever  the  zinc-value  falls  below  one-third  of  the  total  value  of 
the  ore  "  on  an  average?"  What  is  "an  average,"  anyhow,  in  either 
of  the  three  cases  just  supposed? 

3.  The  Discovery. — The  statute  which  gives  away  so  freely  both 
public  and  private  property  to  the  "discoverer"  of  a  "  mine,"  omits 
to  define  what  shall  be  deemed  a  legal  "  discovery."  No  opportu- 
nity is  afforded,  at  any  stage  of  the  proceedings  contemplated,  for  a 
challenge  of  the  bare  assertion  of  the  alleged  discoverer.  According 
to  the  statute,  anything  is  a  mine  if  the  discoverer  calls  it  such  ;  and 
if  it  be  situated  on  private  land,  his  bare  unsworn  "notice  of  dis- 
covery" seems  to  be  sufficient  to  prove:  (1)  that  he  is  really  the  dis- 
coverer; (2)  that  it  is  really  a  metallic  mine;  (3)  that  all  the  copper, 
tin,  iron,  and  lead  which  the  ore  may  prove  to  contain  will  not 
amount  to  two-thirds  of  its  total  value;  and  a  copy  of  this  ex  parte 
notice  is  to  be  recorded  and  indexed  by  the  county  clerk  "  as  a  con- 
veyance of  real  estate  from  the  people  of  the  State."  I  feel  sure 
that  this  provision,  if  not  others,  in  Statute  C,  will  be  pronounced 
unconstitutional  in  so  far  as  it  involves  the  immediate  and  uncon- 
ditional right  of  entry  upon  private  lands,  as  I  have  explained  above. 
But  if  I  am  wrong  in  that  expectation,  there  remains  another  propo- 
sition of  some  importance.  This  law  says  nothing  about  the  manner 
of  the  discovery.  But  a  discovery  upon  private  land  cannot  well  be 
made  without  prior  entry,  and  entry  upon  private  land  without  the 
consent  of  the  owner  is  a  trespass;  and  it  is  well  settled,  I  think, 
that  no  man  can  initiate  a  right  by  his  own  wrong-doing,  and,  there- 
fore, that  a  discovery  made  by  trespass  could  not  be  the  basis  of  a 
valid  legal  title. 

Section  2  of  Statute  C,  however,  clearly  contemplates  a  discovery 
made  without  entry  and  without  breaking  the  surface;  for  it  grants 
these  rights  of  entry  to  the  "locator"  (i.e.,  "the  person  filing  such 
notice"  of  discovery)  only  after  the  discovery  which  makes  him  a 
"locator."     Such  a  "discovery"  may  have   been    made  by  looking 
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over  the  fence,  or  from,  a  highway,  into  the  private  land,  or  by  pick- 
ing up  pieces  of  "float-ore,"  which  had  evidently  come  from  that 
land,  or  by  tracing  a  vein  outside  to  a  point  where  it  entered  the 
land.  Would  any  of  these  methods  of  discovery  initiate  a  valid 
claim"?  In  short,  can  any  mineral  discovery  be  legally  made  upon 
private  land,  even  under  this  law,  without  the  consent  of  the  land- 
owner? I  hope  not;  I  almost  think  not;  but  the  statute  itself  evi- 
dently contemplates  such  a  thing.  So  far  as  it  is  concerned,  a 
"discovery"  practically  consists  in  filing  a  notice! 

Land-owners  in  this  State  could  not  do  better,  under  the  circum- 
stances, than  to  make  immediately  upon  their  lands  some  sort  of 
mineral  discoveries,  file  notice  of  the  same  at  Albany,  have  them  re- 
corded by  the  county  clerks,  and  thus  receive  "  from  the  people  " 
the  "real  estate"  which  they  thought  they  owned  already. 

4.  The  Grant. — Every  mining  law  heretofore  heard  of,  limits  the 
extent  of  the  mineral  right  granted  to  an  applicant.  But  Statute  C 
sets  no  limits.  It  gives  away  "the  mine,"  which  may  be  the  whole 
mineral  deposit,  or  a  whole  system  of  mineral  deposits  capable  of 
being;  worked  together.  There  is  no  trouble  here  about  end-lines 
or  side-lines,  apexes,  spurs,  dips  and  angles.  The  mine  may  extend 
(as  Section  2  of  Statute  C  intimates)  into  another  county.  As  a 
matter  of  fact,  the  great  iron-deposits  of  this  State  can  sometimes  be 
traced  for  a  mile  and  more.  Phosphate-rock  and  other  deposits  of 
economic  value  may  extend  for  miles;  and  all  these,  if  situated  on 
public  land,  are  subject  to  the  same  unlimited  grant.  On  private 
land,  the  range  of  choice  is  more  limited;  but  with  respect  to  mines 
of  zinc,  quicksilver,  manganese,  aluminum,*  nickel,  cobalt,  chrome 
iron-ore,  antimony,  molybdenum,  wolfram,  and  platinum,  there 
seems  to  be  no  limit  to  the  "  discoverer's"  claim  on  a  given  piece  of 
private  land,  except  the  boundary  of  the  land.  Whether  he  could 
also  enter  adjoining  land  on  the  strength  of  the  same  discovery,  is  a 
question.  Certainly  he  could  file  another  "  notice  of  discovery,"  and 
so  get  another  right  of  entry. 

I  have  already  shown  that  no  authority  is  lodged  anywhere  by  the 
law,  to  interfere  with  this  course  of  spoliation.  In  one  case  only  is  a 
"location  "  to  be  "  deemed  abandoned,"  namely,  if  the  locator  does 
not  pay  the  damages  adjudged  by  the  court  to  the  land-owner.  In 
that  case,  the  land-owner  may  maintain  an  action  of  ejectment ;  but 
after  ejectment,  may  he  still  become  the  victim  of  another  "  locator," 

*  Bauxite  is  now  clearly  an  ore  of  aluminum  ;  and  there  is  no  knowing  when  clay 
may  become  so. 
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or  does  the  mine,  to  which  the  "discoverer's"  right  has  been  extin- 
guished, and  which  can  never  have  another  "discoverer,"  belong  at 
last  to  the  land-owner?  I  suppose  it  reverts  to  the  State,  to  become 
the  subject  of  further  mad  experiments  in  mining  law. 

On  the  public  lands,  however,  there  are  no  damages  to  be  paid, 
and  there  is  no  provision  under  which  the  location  can  be  "  deemed 
abandoned."  For  the  period  of  twenty-one  years,  the  "  locator"  is 
"entitled,"  but  not  obliged,  to  work  the  "  mine,"  on  anv  scale,  large 
or  small  ;  by  any  method,  crude  or  perfect;  for  any  purpose,  specu- 
lative or  commercial  ;  with  any  amount  of  interruption,  or  not  at 
all — just  as  he  pleases;  and  this  privilege  is  extended  to  his  execu- 
tors, administrators  and  assigns.  Is  there  anything  left,  in  the  way 
of  mineral  wealth,  which  the  Legislature  of  the  State  could  grant 
away?  If  so,  it  must  have  been  omitted  by  oversight;  for  Statute 
C  seems  to  be  an  honest  endeavor  to  bestow  the  whole,  without  res- 
ervation or  condition. 

The  term  of  twenty-one  years  applies  to  private  as  well  as  public 
lands;  and  what  I  have  said  concerning  it  is  equally  true  in  both 
cases.     It  puts  a  premium  upon  the  destruction  of  the  mine. 

5.  The  Record. — Every  mining  law  worthy  of  the  name  provides 
for  permanent  and  separate  records  of  mining-titles  and  for  the  pub- 
lication of  notices  to  interested  parties.  But  this  wretched  parody 
of  a  mining  law  declares  only  that  the  Secretary  of  State  shall  keep 
a  book  to  receive  the  ex  parte  "notices  of  discovery;"  and  that  the 
county  clerks  shall  record  and  index  such  notices  as  conveyances  of 
real  estate  from  the  people.  John  Smith  has  filed  a  notice  of  dis- 
covery upon  certain  private  land  of  John  Brown,  which  he  describes 
by  township-  and  section-lines,  giving  the  name  of  the  owner  or  not, 
as  he  chooses.  Perhaps  he  does  not  know  the  name  of  the  owner. 
That  makes  no  difference ;  for  the  land-owner  has  no  rights  anyhow 
at  this  stage.  Afterwards  it  may  be  necessary  to  hunt  him  up  (if 
the  county  judge  says  so)  in  order  to  give  "such  notice  to  such  land- 
owner as  such  judge  or  justice  may  direct"  (Section  2,  Statute  C). 
But  this  is  not  required  for  the  notice  of  discovery,  which  need  only 
describe  "the  nature  and  situation  of  the  mine."  So  the  county 
clerk  of  any  county  containing  any  part  of  Brown's  land  records 
and  indexes  the  "notice  of  discovery  "  as  a  conveyance  from  the 
people  to  Smith.  It  is  thus  ingeniously  smothered  in  the  index 
under  two  names,  neither  of  which  hints  at  Brown's  ownership  of 
the  land;  and  it  might  become  a  matter  of  the  greatest  difficulty  to 
discover  the  record  of  an  easement  which  constitutes  a  cloud  upon 
Brown's  title. 


734  THE    NEW    MIXING    LAW   OF    NEW    YORK. 

6.  The  Purpose. — In  my  former  paper  (Trans.,  xvi.,  775)  I  men- 
tioned that  I  had  been  consulted  in  behalf  of  a  citizen  of  the  State 
who  had  discovered  on  his  own  land  what  he  believed  to  be  a  de- 
posit of  platinum  and  wanted  advice  as  to  his  legal  position.  It 
appeared  that  there  was  nothing  in  the  law,  as  it  then  stood,  to  meet 
his  case,  since,  although  a  platinum-mine  would  clearly  belong  to 
the  State,  the  Legislature  had  never  made  any  provision  for  the  re- 
cording and  working  of  other  State  mines  than  those  of  gold  and 
silver. 

I  have  heard  no  more  concerning  that  particular  property ;  but 
the  discovery  of  sperrylite,  or  arsenide  of  platinum,  at  and  near 
Sudbury,  Canada,  where,  I  am  told,  some  mining  and  shipping  of 
that  rare  platinum-ore  has  taken  place,  has  led  to  various  alleged 
discoveries  of  platinum  in  the  Adirondack  region,  and  one  of  these, 
situated  on  the  eastern  shore  of  Lake  George,  has  blossomed  out 
into  a  somewhat  pretentious  mining  enterprise,  with  a  smelting- 
works  as  well  as  a  mine.  In  several  instances  within  my  knowledge 
reputable  chemists  and  assayers  have  failed  to  discover  traces  of 
platinum  in  the  "ore,"  and  it  is  not  clear  to  me  on  what  evidence 
the  parties  interested  in  this  mine  have  expended  their  money  thus 
far.  But  I  have  reason  to  believe  that  this  scheme,  whatever  it  may 
amount  to,  is  connected  with  the  passage  by  the  Legislature  of 
Statute  C.  If  I  am  correct  in  that  belief,  the  law  referred  to  was 
intended,  in  somebody's  mind,  to  enable  the  platinum  company  to 
control  private  lands  along  Lake  George,  and  it  is  currently  reported 
in  that  region  that,  by  some  means  or  other,  this  company  or  syndi- 
cate has  acquired  mining  rights  for  a  great  distance  along  the  lake. 
If  this  has  been  done  in  any  case  against  the  will  of  the  land-owners, 
I  trust  it  will  be  contested,  so  that  the  real  force  of  the  new  law  may 
be  judicially  determined. 

Whether  any  of  this  company's  claims  are  on  State  lands  I  do 
not  know.  If  they  are,  then  Statute  C  is  significant  in  its  omission 
of  all  mention  of  the  Commissioners  of  the  Land  Office  and  the 
Forest  Commissioners,  either  of  which  boards,  under  Statute  B 
(previously  passed  at  the  same  session),  could  have  refused  the  per- 
mission which  the  new  law  grants  unconditionally.  It  certainly 
looks  as  if  Statute  B  had  been  found  to  contain  too  many  safeguards 
of  public  interests  and  private  rights  and  Statute  C  had  been  "  put 
through"  to  remedy  this  difficulty  by  removing  them  all. 

This  subject  would  have  been  worthy  of  the  consideration  of  the 
late  Constitutional  Convention,  but  that  body  gave  it  no  attention. 
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BF  H.  VAN  F.  FURMAN,  DENVER,  COLO. 

(Bridgeport  Meeting,  October,  1894.) 

To  those  engaged  in  the  purchase  and  sale  of  gold-  and  silver- 
ores,  mattes  and  bullion,  the  frequent  differences  in  the  gold-  and 
silver-contents,  as  reported  by  different  assayers,  is  a  source  of  much 
annoyance  and  expense. 

The  desirability  of  uniform  methods  of  assay  has  long  been  rec- 
ognized by  certain  refiners  who  specify  in  their  bullion-contracts 
the  method  to  be  adopted  in  assaying  the  bullion.  One  large  pro- 
ducer of  base  bullion  employs  at  each  refining-works  with  whom  it 
has  a  bullion  contract  an  assayer  whose  duty  it  is  to  see  that  the 
bullion  is  sampled  and  assayed  according  to  contract-specifications. 
For  the  assay  of  gold-  and  silver-bullion,  standard  methods  are  now 
generally  adopted;  the  result  being  that  differences  seldom  occur. 

While  we  cannot  hope  for  anything  near  perfection  from  fire- 
assay  methods  for  ores,  mattes  and  base  bullion,  as  carried  out  com- 
mercially, such  methods  may  be  made  to  yield  results  which  answer 
all  commercial  requirements,  and  they  will  probably  be  retained  for 
obvious  reasons. 

The  object  of  the  present  paper  is  to  point  out  some  of  the  sources 
of  error  and  to  show  the  importance  of  more  uniform  methods  of 
assay  and  close  attention  to  the  details  of  the  work. 

The  sources  of  error  in  the  assay  of  ores  and  mattes  are :  im- 
proper sampling;  losses  of  the  precious  metals  during  fusion,  scori- 
fication  and  cupellation;  imperfect  elimination  of  the  base  metals 
on  the  cupel  and  imperfect  extraction  of  the  silver  during  the  part- 
ing in  nitric  acid. 

It  is  not  the  object  of  the  present  paper  to  enter  upon  the  subject 
of  sampling;  but  a  few  remarks  may  be  of  value.  There  has  been 
considerable  discussion  recently  in  Colorado  upon  the  frequent  differ- 
ences which  occur  in  the  assays  of  Cripple  Creek  gold-ores,  and 
these  differences  have  been  attributed  to  various  causes.  The  writer 
is  informed  by  two  of  our  most  prominent  smelters  that  since  they 
have  adopted  100-mesh  screens  (the  general  practice  is  80-mesh)  the 
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differences  have  ceased,  so  far  as  their  assays  are  concerned.  For 
gold-  and  silver-ores  100-mesh  screens  should  always  be  used,  and 
this  is  especially  important  in  the  case  of  gold-ores.  In  weighing 
out  the  samples  for  assay  the  ore  should  be  spread  out  in  a  thin 
layer,  the  sample  being  taken  upon  the  point  of  a  steel  spatula  and 
care  being  exercised  to  take  the  sample  from  all  portions  of  the 
layer  and  to  drive  the  spatula  down  to  the  bottom  of  the  layer  each 
time. 

The  loss  of  precious  metals  during  fusion,  etc.,  is  the  greatest 
source  of  error.  Messrs.  Mason  and  Bowman*  have  recently  pub- 
lished a  table  of  experiments  on  the  losses  of  gold  and  silver  during 
scorification  and  cupellation.  The  averages  of  their  results  are  as 
follows : 

Silver  in  scorification,  0.55  per  cent.;  in  cupellation,  1.99  per 
cent.;  total,  2.54  per  cent.  Gold  in  scorification,  0.574  percent.; 
in  cupellation,  0.296  percent.;  total,  0.87  percent.  Unfortunately, 
they  do  not  give  any  details  adopted  other  than  to  state  that  tluy 
were  such  as  would  prevail  in  careful  commercial  work.  Mr.  F.  P. 
Dewey, t  in  a  recent  article  on  "  The  Accuracy  of  the  Commercial 
Assay  for  Silver,"  gives  a  number  of  results  showing  the  loss  ot 
silver  in  the  slag  and  in  the  cupel  on  different  classes  of  material. 
The  following  tables,  giving  the  results  of  a  number  of  experiments 
made  by  the  writer,  show  how  these  loses  may  be  affected  by  differ- 
ences in  conditions  during  cupellation  and  parting.  Many  of  these 
results  exhibit  unusual  losses,  far  greater  than  would  result  in  ordi- 
nary commercial  work.  Many  of  the  experiments  were  made  under 
unusual  conditions  for  the  purpose  of  showing  the  effect  of  such 
conditions  and  the  necessity  for  the  adoption  of  standard  or  uniform 
methods. 

The  three  conditions  which  affect  the  losses  during  cupellation 
are  temperature,  amount  of  lead  present,  and  amount  of  other  base 
metals  present.  The  temperature  is  the  most  important  point;  for, 
as  the  temperature  is  raised,  the  losses  increase.  An  examination 
of  Tables  I.  and  II.  fully  proves  this  to  be  the  case.  The  only  safe 
rule  to  adopt  in  the  assay  of  ores,  mattes  and  base  bullion,  is  to  run 
all  cupellations  at  the  front  of  the  muffle,  and  at  such  a  temperature 
that  the  cupels  will  show  "  feather  litharge."  The  lead-buttons  re- 
sulting from  fusion  and  scorification  should  not  be  too  large.     A 

*  Journal  of  the  Am.  Chem.  Society,  vol.  xvi.,  p.  313,  May,  1894. 
f  Journal  of  the  Am.  Chem.  Society,  vol.  xvi.,  p.  50"),  August,  1894. 
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large  button  presents  no  advantage,  but  is  the  source  of  an  excessive 
loss  of  gold  and  silver  during  cupellation,  and  requires  more  time 
for  cupellation.  The  size  of  button  preferred  by  the  writer  for  ordi- 
nary ores  (up  to  10  ozs.  gold  and  300  ozs.  silver  per  ton)  is  about  7 
grammes.  Whilst  this  is  a  somewhat  smaller  button  than  is  usual, 
it  is  sufficiently  large  to  collect  all  the  precious  metals,  and  avoids 
the  above  disadvantages.  The  presence  of  considerable  amounts  of 
base  metals  in  the  lead-button  increases  the  losses.  Hence,  in  run- 
ning a  crucible-assay  of  ores  containing  much  arsenic,  antimony  or 
zinc,  the  fusion  should  be  performed  in  an  open  crucible,  and  the 
charge  should  not  be  covered.  Berthier  was  the  first  to  point  out 
the  advantages  to  be  derived  by  this  method.  It  permits  the  oxi- 
dation of  the  arsenic,  antimony  and  zinc,  which  unite  with  the  soda 
and  pass  into  the  slag.  Zinc  appears  to  be  the  most  objectionable 
element.  That  the  fumes  of  zinc  oxide  have  a  tendency  to  carry  off 
both  gold  and  silver  is  well  known.  The  following  is  a  good  illus- 
tration of  this  :  A  short  time  since  the  writer  had  occasion  to  exam- 
ine the  dust  cleaned  out  of  the  flues  connected  with  two  furnaces 
used  for  the  melting  of  gold  bullion.  This  dust,  which  contained  a 
large  percentage  of  zinc  oxide,  assayed  $18,400  in  gold  and  $300  in 
silver  to  the  ton.  Copper  also  increases  the  losses,  since,  should  the 
amount  present  in  the  lead-button  be  large,  repeated  cu pel lat ions 
with  pure  lead  will  be  necessary  for  its  complete  removal.  A  better 
plan  in  such  a  case  is  to  scorify  the  button  with  pure  lead  and  borax- 
glass  prior  to  cupellation. 

As  to  errors  arising  from  the  imperfect  elimination  of  base  metals 
during  cupellation,  little  need  be  said.  This  is,  however,  a  point 
which  needs  close  attention;  and  where  the  cupellations  are  run 
sufficiently  cold  to  show  feather-litharge  the  cupels  should  invaria- 
bly be  pushed  back  in  the  muffle  just  before  the  buttons  "  brighten." 
Should  this  precaution  be  omitted,  the  buttons  are  liable  to  solidify 
before  the  last  traces  of  base  metal  have  been  removed.  This  is  es- 
pecially important  when  the  lead-buttons  contain  much  copper  and 
gold. 

Errors  arising  from  imperfect  extraction  of  the  silver  during 
parting  are  more  common  than  is  generally  supposed.  A  short  time 
since  the  writer  examined  some  gold  resulting  from  the  assay  of  a 
number  of  samples  of  ore  by  one  of  our  prominent  smelting  estab- 
lishments. This  gold  was  found  to  contain  an  average  of  1.15  pei 
cent,  silver.  The  assays  had  been  made  in  the  regular  manner  em- 
vol.  xxiv. — 47 
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ployed  at  this  establishment,  but  one  acid  (quite  dilute)  being  used 
in  parting.  Those  having  experience  in  the  assay  of  gold  bullion, 
and  in  parting  gold  and  silver,  are  well  acquainted  with  the  difficulty 
of  removing  the  last  traces  of  silver  from  the  gold.  The  method  of 
parting  adopted  by  the  writer  is  as  follows:  The  buttons,  which 
should  contain  at  least  five  parts  of  silver  to  each  part  of  gold,  are 
flattened  by  a  few  blows  on  a  polished  steel  anvil.  They  are  then 
placed  in  small  porcelain  crucibles  and  dilute  nitric  acid  (sp.  gr., 
1.13),  is  added.  The  crucibles  are  placed  on  a  hot  plate  and  heated 
until  all  action  of  the  acid  on  the  button  has  ceased.  The  acid 
should  be  at  a  boiling  temperature  towards  the  last.  This  acid  is 
now  poured  off  and  strong  acid  (sp.  gr.,  1.27)  is  added.  This  acid 
is  kept  at  a  boiling  temperature  for  four  minutes,  when  it  is  poured 
off,  the  crucible  and  its  contents  are  washed  twice  with  distilled 
water,  and  then  dried,  and  the  gold  is  annealed  and  weighed.  It  is 
proper  to  observe  that  the  conclusions  above  given  are  the  result  not 
only  of  the  experiments  recorded  in  the  following  tables,  but  also  of 
numerous  other  experiments  and  several  years'  experience  in  assay- 
ing for  gold  and  silver. 

In  the  following  tables,  each  part  of  gold  or  silver  represents  0.5 
milligrammes.  The  gold  and  silver  used  was  especially  prepared 
by  the  writer  and  its  purity  thoroughly  tested.  The  purity  of  all 
fluxes,  etc.,  used  was  also  tested. 

Table  I.  shows  the  results  of  experiments  undertaken  to  determine 
the  losses  in  gold  during  cupellation  under  various  conditions. 

Table  II.  presents  the  results  of  a  number  of  experiments  under- 
taken to  determine  the  losses  in  the  assay  of  base  bullion  under  va- 
rious conditions.  The  variation  is  considerable  and  forcibly  illus- 
trates the  necessity  of  cupelling  sufficiently  cold  to  have  the  cupels 
show  feather-litharge.  The  results  do  not  appear  to  show  that  any 
advantage  is  to  be  derived  by  scorification  of  the  bullion  prior  10 
cupellation,  except  in  the  case  of  extremely  base  bullion.  A  number 
of  years'  experience  in  the  assay  of  base  bullion  and  numerous 
tests  by  the  writer  but  confirm  this  opinion,  although  some  smelters 
insist  that  all  bullion  should  be  scorified  prior  to  cupellation,  con- 
tending that  the  loss  in  scorification  is  much  less  than  in  cupellation. 
In  the  case  of  bullion  containing  considerable  amounts  of  zinc, 
scorification  is  always  preferable. 

The  parting  in  every  case  was  performed  in  two  acids  of  1.15 
sp.  gr.  and  1.27  sp.  gr.  respectively. 
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Table  I. 


No. 

Parts 

Au 

Taken. 

Parts 

Ag 

Taken. 

Grammes 

Pb 

Taken. 

Parts  A g  and 

Au  After 
Cupellation. 

Parts 
Au  After 
Parting. 

Parts 
Ag. 

Loss  An 
Per  cent. 

Loss  Ag 
Per  cent. 

A  1 
2 
3 
4 
5 
6 

B  1 
2 
3 
4 
5 

C  1 
2 
3 
4 
5 

D  1 
2 
3 
4 
5 

E  1 
2 
3 
4 

F  1 
2 
3 
4 

G  1 
2 
3 
4 

HI 
2 
3 
4 
5 

799.8 

799.8 

799.8 

800.3 

799.9 

799.9 

200.7 

200.8 

200.6 

200.4 

200.4 

200.1 

200.0 

200.1 

200.0 

200.6 

800.0 

799.8 

799.8 

799.8 

799.9 

200.2 

200.1 

200.7 

200.0 

100.35 

100.35 

100.9 

100.4 

101.9 

102.2 

101.5 

102.0 

100.6 

100.0 

100.1 

100.3 

100.0 

7 
7 
7 
7 
7 
7 
4 
4 
4 
4 
4 
8 
8 
8 
8 
8 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

795.4 
795.0 
795.0 
794.8 
795.7 
798.0 
194.4 
194.6 
195.3 
197.3 
199.1 
192.4 
191.4 
193.7 
196.2 
199.4 
987.7 
987.7 
989.0 
989.0 
994.2 
1173.6 
1177.5 
1185.4 
1190.9 

0.55 
0.60 
0.60 
0.69 
0.52 
0.23 
3.14 
3.09 
2.64 
1.55 
0.65 
3.85 
4.30 
3.20 
1.90 
0.60 
1.23 
1.18 
1.04 
1.08 
0.52 
0.00 
f0.15 
10.35 
0.00 
0.00 
0.09 
0.44 
0.15 
0.19 
f0.19 
0.39 
fO-19 
1.29 
0-20 
fO.69 
f0.19 
fO.90 
0.86 

Loss 
Au  and 
•      Ag 
Per 
cent. 
2.75 
2.34 
1.65 
1.05 



200.2 
199.7 
199.6 
200.0 
199.7 

1000.6 

1000.8 

1001.2 

101)1.4 

1000. 

1000. 

1000. 

1000. 

H00. 

1000. 

1000. 

1000. 

1000. 

1000. 

1000. 

1000. 

1000. 

200.2 
200.4 
201.4 
200.0 
100.35 
100.25 
100.45 
100.25 
101.7 
102.4 
101.1 
102.2 
99.3 
99.8 
100.8 
100.5 
100.9 

973.4 
977.1 
984.0 
990.9 

Average 

f  Indicates- a  gain  in  place  of  loss. 
Eemarks  : 

A. — No.  1  was  cupelled  at  the  back  of  the  muffle,  the  others  being  placed  in 
order  up  to  No.  6,  which  was  at  the  front.  The  muffle  was  at  a  lower  tem- 
perature than  is  ordinarily  employed. 

B. — No.  1  run  at  the  rear  and  No  5  in  front  of  the  muffle.  The  temperature 
was  higher  than  in  A. 

C  — The  conditions  were  the  same  as  in  B. 

D. — The  conditions  were  the  same  as  in  A. 

E. — The  conditions  were  the  same  as  in  B.  In  parting  but  one  acid  (sp.gr.  1.15) 
was  used. 

F. — No.  1  at  the  rear  and  No.  4  in  the  front  of  the  muffle.  The  temperature  was 
higher  than  is  usual  in  commercial  work.  The  parting  was  performed  in  two 
acids  of  1.07  and  1.27  sp.  gr.  respectively. 
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G. — The  conditions  were  the  same  as  in  F,  except  that  the  first  acid  was  1.20  and 

the  second  acid  1.27  sp.  gr. 
H. — The  conditions  were  the  same  as  in  F,  except  that  in  the  parting  but  one 

acid  (sp.  gr.  1.15)  was  used. 


Table  II.- 

-Losses 

of  Gold  and  Silver 

in  the  Assay  < 

yf  Base  Bullion. 

0 

d 

o  g 

3       " 

3  <-  o 

bo 

3.5 

to 
< 

33 

<  § 

3fc 

6 

3 
< 

~  60 
< 

0JS 

O 

(5  2 

< 

§  5 

O  u 

A    1 

3.6 

300.6 

14.5 

295.8 

3.4 

292.4 

5.55 

2.67 

2 

3.55 

301.0 

14.5 

282.6 

3.4 

279.2 

4.25 

7. 24 

B    1 

3.5 

300.6 

14.4 

296.5 

3.3 

293.2 

5.71 

2.46 

2 

3.0 

300.7 

14.4 

296.9 

2.9 

294.0 

3.33 

2.2  > 

3 

3.7 

300.2 

14.4 

280.6 

3.4 

277.2 

8.11 

7.66 

4 

3.45 

300.3 

14.4 

281.6 

3.05 

278.5 

11.59 

7.26 

C    1 

4.3 

S00.5 

14.2 

297.8 

4.2 

2D3.6 

2.32 

2.23 

2 

4.1 

300.4 

14.2 

278.8 

4.0 

274.8 

2.50 

8.52 

D  1 

3.8 

300.7 

14.2 

290.1 

3.5 

286.6 

7.90 

4.68 

•2 

3.7 

300.0 

14.2 

288.5 

3.4 

285.1 

8.10 

4.96 

3 

3.5 

300.5 

14.2 

271.0 

3.35 

267.6 

4.30 

10.94 

E    1 

3.6 

300.0 

14. 

287.6 

3.3 

284.3 

8.33 

5.23 

2 

3.0 

300.0 

14. 

288.1 

2.7 

285.4 

10.00 

4.87 

3 

4.2 

300.2 

14. 

275.7 

3.8 

271.9 

9.52  ' 

9.43 

4 

3.2 

300.6 

14. 

270.2 

2.8 

267.4 

12.81 

14.37 

F    1 

4.2 

300.0 

14. 

291 .4 

3.9 

287.5 

7.14 

4.17 

2 

4.2 

301.8 

14. 

279.5 

4.1 

275.4 

2.38 

8.74 

i  Aver. : 
An 
1.53 

}■  Per  ct. 
Ag 
1.80 

J   Per  ct. 

G    1 

8.7 

331.0 

14.5 

334.8 

8.65 

326.15 

0.57 

1.46 

2 

5.15 

340.8 

14.5 

340.6 

5.05 

335.55 

1.94 

1.54 

3 

5.1 

326.9 

14.5 

326.8 

5.00 

321.8 

1.96 

1.56 

4 

5.5 

334.7 

14.5 

334.7 

5.40 

329.3 

1.82 

1.61 

J     1 

3.4 

317.1 

14.5 

314.4 

3.37 

311.03 

0.90 

1.92 

2 

3.6 

332.65 

14.5 

327.2 

3.56 

323.64 

1.11 

2.71 

K   1 

4.8 

332.4 

14.4 

326.0 

4.65 

321.35 

3.12 

3.32 

2 

4.4 

349.6 

14.4 

339.8 

4.2 

335.6 

4.54 

4.00 

L    1 

3.9 

314.6 

14.4 

30S.9 

3.7 

305.2 

5.13 

2.98 

2 

3.7 

315.8 

14.4 

311.4 

3.5 

307.9 

5.40 

2.50 

M  1 

3.95 

302.0 

14.2 

290.9 

3.72 

286.18 

5.82 

5.23 

2 

3.2 

306.9 

14.2 

296.3 

3.00 

293.3 

6.25 

4.4  < 

N   1 

3.6 

300.0 

14. 

292.4 

3.55 

288.85 

1.30 

3.71 

2 

3.3 

312.0 

14. 

306.9 

3.25 

303.65 

1.51 

2.68 

Remarks: 
A. — No.  1  was  cupelled  in  the  frout  and  No.  2  in  the  middle  of  the  murHe. 
B. — Nos.  1  and  2  in  the  front  and  Nos.  3  and  4  in  the  middle  of  the  muffle  ;  300 

parts  of  copper  were  added. 
C. — No.  1  in  front  and  No.  2  in  the  middle  of  the  muffle;  600  parts  of  copper 

were  added. 
D. — Nos.  1  and  2  in  front  and  No.  3  in  the  middle  of  the  muffle  ;  600  parts  of 

zinc  were  added. 
E. — Nos.  1  and  2  were  in  front  and  Xos.  3  and  4  in  the  middle  of  the  muffle;  300 

pails  of  copper,  350  parts  of  zinc  and  300  parts  of  antimony  were  added. 
F. — No.  1  in  front  and  No.  2  in  the  middle  of  the  muffle;  200  parts  of  copper, 

250  parts  of  zinc,  200  parts  of  antimony  and  200  parts  of  iron  sulphide  were 

added. 
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In  all  of  the  above  cases  the  buttons  were  cupelled  at  too  high  a  temperature  to 
show  feather-litharge  on  the  cupel. 

In  the  following  experiments  the  cnpellations  were  all  performed  in  the  front  of 
the  furnace  and  all  cupels  showed  litharge  crystals: 

G. — The  gold  and  silver  were  wrapped  in  pure  lead  and  cupelled  cold. 

In  the  following  experiments  the  charges  were  scorified  prior  to  cupellation,  the 
buttons  after  seorification  weighing  from  5  to  6  grammes  : 

J. — 14.5  grammes  of  lead  were  used. 

K. — 300  parts  of  copper  were  added. 

L. — 400  parts  of  zinc  were  added. 

M. — 300  parts  of  zinc  and  300  parts  of  copper  were  added. 

N. — 300  parts  of  zinc,  250  parts  of  copper,  300  parts  of  antimony  and  350  parts 
of  sulphide  of  iron  were  added. 

Table  III.  shows  the  results  of  a  few  experiments  undertaken  to  de- 
termine what  losses  might  be  expected  in  the  erucible-assay  of  ores. 
Whilst  these  results  show  too  great  a  variation  for  any  averages  to 
be  derived  from  them,  they  tend  to  show  that  the  crucible-assay  for 
gold  is  more  accurate  than  is  generally  supposed.  The  average  loss 
in  silver  (2.58  per  cent.)  in  these  experiments  is  quite  close  to  that 
found  by  Messrs.  Mason  and  Bowman  in  the  seorification  assay  (2.54 
per  cent.). 


Table  III. — Losses  of  Gold  and  Silver  in  Crucible- Assay. 


Parts 

No. 

Parts  Au 

Parts  Ag 

Au  and  Ag 

After 

Parts  Au 
After 

Loss  Au 

Loss  Ag 

Taken. 

Taken. 

Cupella- 
tion. 

Parting. 

Per  cent. 

Per  cent. 

A   1 

4.7 

216.3 

215.6 

4.65 

210.95 

1.06 

2.47 

2 

4.0 

205.5 

206.5 

4.0 

202.5 

0.00 

1.93 

B  1 

4.0 

208.0 

208.7 

4.0 

204.7 

0.00 

1.58 

2 

3.6 

217.6 

217.2 

3.6 

213.6 

0.00 

1.84 

C 

202.5 

2000. 

202.6 

+0.04 

D 

200.8 

200.3 

0.28 

E  1 

24.25 

306.0 

321.0 

24.23 

296.77 

0.08 

3.01 

2 

24.6 

317.5 

330.1 

24.5 

305.6 

0.40 

3.74 

F  1 

26.4 

320.7 

340.4 

26.4 

314.0 

0.00 

2.08 

2 

22.3 

308.9 

324.0 

22.3 

300.7 

0.00 

2.65 

G  1 

13.4 

226.8 

235.3 

13.3 

222.0 

0.74 

2.11 

H  1 

14.5 

215.2 

225.8 

14.5 

211.3 

0.00 

1.81 

2 

15.3 

214.9 

223.0 

15.2 

207.8 

0.65 

3.30 

K 

1 

14.4 

232.0 

235.4 

14.25 

221.15 
Average... 

1.04 
0.30 

4.66 
2.58 

Remarks  : 

A. — .V  A.  T.  of  pure  Si02  was  added. 

B. — 10  grammes  of  Si02  and  5  grammes  of  ZnO  were  added. 

C. — $  A.  T.  of  Si02  was  added.     The  button  was  not  weighed  prior  to  parting. 

D. — i  A.  T.  of  Si02  was  added.     No  silver  was  added  to  this  assay. 

E. — 5  grammes  of  Si02,  5  grammes  of  BaS04  and  5  grammes  of  FeS  were  added. 
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F. — 10  grammes  FeS,  3  grammes  ZnO,  and  2  grammes  Cu  were  added. 

G. — 7.5  grammes  of  Si02  and  7  grammes  BaS04  were  added. 

H. — 5  grammes  Si02,  5  grammes  BaS04  and  5  grammes  CaO  were  added. 

K. — 7.0  grammes  SiOa  and  7  grammes  FeS  were  added. 

To  the  above  charges  there  were  added  the  proper  fluxes  to  produce  a  fluid  slag 
and  a  button  of  from  7  to  12  grammes  in  weight.  The  cupellations  were  performed 
so  as  to  show  "  feather-litharge"  on  the  cupels  in  each  case.  All  partings  were 
performed  in  two  acids  of  1.15  sp.  gr.  and  1.27  sp.  gr.,  respectively. 

It  appears  to  the  writer  that  the  practice,  now  quite  generally 
adopted  in  Colorado,  of  determining  the  gold  by  crucible-assay  and 
the  silver  by  scorinYation-assay  presents  many  advantages.  As  the 
crucible-assay  permits  of  larger  quantities  of  ore  being  taken,  errors 
from  variations  in  weighing  out  the  sample  and  the  final  gold-bead 
do  not  multiply  themselves,  as  is  the  case  where  -^  A.  T.  or  -^ 
A.  T.  is  taken.  Where  a  wind-furnace  is  at  hand,  in  which  to 
perform  the  fusion,  the  California  practice  of  using  large  charges  (2 
A.  T.  to  4  A.  T.)  presents  some  advantages,  especially  in  the  case  of 
low-grade  ores. 

In  Colorado,  the  fusion  is  usually  performed  in  the  muffle- furnace, 
so  that  two  or  more  crucible  charges  of  J  A.  T.  each  are  run  for  gold, 
silver  being  added  to  the  charge,  unless  the  ore  is  known  to  contain 
sufficient  to  insure  parting,  and  three  or  more  scorification-charges 
of  yq  A.  T.  are  run  for  silver.  Iu  the  case  of  very  high-grade 
ores,  the  amount  taken  for  the  silver  assay  is  -^  A.  T.  In  the 
case  of  many  low-grade  oxidized  silver  ores  (as  some  lead  carbonates, 
slags,  etc.),  the  writer  prefers  the  crucible-method  for  both  gold  and 
silver;  otherwise  the  assays  are  made  as  above. 
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BY  HENRY  M.    HOWE,   BOSTON,   MASS. 

(Extract  from  the  Presidential  Address  at  the  Virginia  Beach  Meeting,  February,  1S94.) 

....  So,  beyond  and  above  the  immediate  and  tangible  ends  of 
membership,  ever-present  and  evident,  selfish  and  generous  alike; 
beyond  and  yet  at  the  root  of  that  genuine  affection  for  our  associa- 
tion which  is  so  strong  in  many  of  us,  there  lies  earnest  sympathy 
with  the  ultimate  and  essential  purpose  of  its  being — that  to  which 
as  a  nucleus  all  other  purposes  are  but  contributory — which  is,  to 
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increase  and  diffuse  our  professional  knowledge,  and  thus  progres- 
sively to  improve  our  methods,  so  that  each  of  the  products  of  our 
arts  shall  represent  a  smaller  expenditure  of  labor,  and  conversely, 
that  a  given  expenditure  of  labor  shall  be  the  commercial  equiva- 
lent of  a  larger  quantity  of  those  products;  that  a  day's  labor  shall 
purchase  a  greater  amount  of  comfort  and  happiness ;  and  that,  of 
the  total  expenditure  of  human  energy,  a  smaller  proportion  may  be 
needed  for  supplying  purely  material  wants,  and  a  larger  proportion 
be  available  for  still  further  increase  of  knowledge,  for  culture,  and 
for  refinement.  That  such  ends,  perhaps  rarely  enunciated,  perhaps 
often  only  hazily  conceived,  mixed  though  they  are  with  other  and 
more  immediate  purposes,  are  in  the  final  analysis  the  most  impor- 
tant part  of  the  foundations  of  societies  such  as  ours,  I  cannot 
doubt. 

Looking  at  our  Institute  broadly,  then,  it  is  an  organization,  an 
instrument,  not  for  the  benefit  of  our  members  alone,  but  for  the 
good  of  the  human  race.  How  grave,  then,  the  responsibility 
of  its  wise  direction,  how  important  that  its  course  should  have  the 
most  earnest  attention,  the  most  serious  thought,  not  alone  of  the 
Council  whom  we  elect  to  execute  our  wishes,  but  of  those  from 
among  whom  our  future  councils  must  be  selected,  that  is  to  say,  of 
the  whole  membership. 

Every  new  achievement  raises  a  man  to  a  higher  standpoint,  shows 
him  new  possibilities,  opens  larger  fields  to  view.  As  with  men,  so 
with  societies.  We,  too,  are  to  grow.  We,  too,  shall  find  new  chan- 
nels of  usefulness.  Even  if  we  already  more  than  fulfill  the  ex- 
pectations of  the  founders  of  our  society,  yet  our  size  and  strength 
may  well  open  to  us  a  future  greater  than  was  to  be  thought  of  in 
those  early  days. 

It  seems  not  inappropriate  that  a  presidential  address  should  touch 
on  our  possibilities,  and  offer  the  suggestions  which  long  and  strong 
friendship  for  the  Institute  awakens.  Their  fruit  may  not  be  recog- 
nizable— how  much  is  an  oak  like  an  acorn? — but  into  the  minds 
of  our  Council,  and  of  those  who  some  day  are  to  be  our  Council, 
they  may  drop  seeds  which  by  and  by  may  yield  a  harvest. 

With  these  reflections  in  mind,  let  us  now  consider  our  Transac- 
tions— perhaps  our  greatest  work  and  chief  means  of  usefulness,  cer- 
tainly our  greatest  source  of  expense. 

If  we  measure  their  value  by  that  of  the  publications  of  kindred 
societies,  we  have  good  reason  to  be  proud  of  them.  But  let  us  not 
say,  "Our    Transactions  are  as  good  as  others,  perhaps  better;" 


744  OUR    POSSIBILITIES. 

rather  let  us  ask,  "Are  they  as  useful  as  we  can  make  them  ?  Are 
we  doing  all  that  lies  in  us?"  Let  not  our  aim  be  to  excel  others, 
but  to  equal  our  own  possibilities.  Take  what  I  shall  now  say  in 
this  light,  not  as  ungenerous  criticism,  but  as  urging  that  the  work, 
already  noble,  be  encouraged  by  its  very  nobility  to  still  greater 
achievements. 

The  value  of  our  Transactions  may  be  measured  jointly  by  their 
quantity  and  their  quality.     It  is  of  the  first  that  I  shall  speak. 

The  question,  "  Can  we  enlarge  them  ?  "  should  be  resolved  into 
two:  "  Is  there  further  suitable  material  to  be  had?"  and  "Can 
we  afford  to  take  more  ?  " 

I  am  firmly  convinced  that,  were  we  in  a  position  to  accept  more, 
we  could  greatly  increase  the  volume  and  value  of  our  papers,  and 
still  more  greatly  the  volume  and  value  of  our  discussions.  I  am 
convinced  that  the  results  of  many  important  investigations  now  go 
unpublished  which  would,  on  a  judicious  appeal,  yield  papers  of  value. 
Indeed,  it  is  not  always  the  most  valuable  matter  that  offers  itself. 

I  am  confident  that  an  overwhelming  majority  of  those  who  have 
carefully  considered  the  matter  strongly  favor  stimulating  discussion 
actively,  for  they  prize  it  most  highly,  as  a  light  in  which  to  read 
the  paper  discussed,  as  an  estimate  of  its  merit  and  trustworthiness 
by  the  best  judges,  and  as  fixing  a  vast  amount  of  information 
which  is  often  full  of  suggestion  and  implication,  and  which  would 
not  otherwise  be  recorded. 

The  papers  of  the  Chicago  meeting,  which,  with  their  discussions, 
will  occupy  two  largt  volumes,  give  an  idea  of  what  can  be  had, 
though  the  special  attractions  of  that  meeting  were  doubtless  an  ad- 
ditional spur  to  writers.  Any  material  increase  in  the  volume  of 
papers,  however,  would  involve  great  expense,  not  alone  for  print- 
ing and  engraving,  but  for  the  work  of  the  Secretary's  office  in  edit- 
ing and  revision,  a  work  the  severity  and  extent  of  which  probably 
few  of  our  members  fully  appreciate.  And  any  material  increase  in 
the  amount  of  discussion  would,  I  believe,  involve  proportionally  a 
much  greater  expense ;  for  the  labor  of  correspondence,  in  getting 
their  remarks  from  those  who  discuss,  and  in  arranging  their  revi- 
sions of  those  remarks,  is  very  great,  and  demands  intelligence  of  a 
high  grade. 

But  no  unexpended  surplus  distends  our  vaults;  our  exchequer 
gives  no  suggestion  that  we  have  gathered  less  than  we  can  care  for; 
no  hint  that  we  can  prudently  increase  our  expenses.  What  mat- 
ters, then,  an  excess  of  harvest  over  store-house  ? 
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Of  the  fields  of  usefulness  which  are  open  to  us,  there  is  another 
well  worthy  of  our  consideration,  the  publication  of  a  digest  of 
technical  advances.  In  such  a  matter  it  is  well  to  avoid  duplicating 
the  established  work  of  others.  The  Journal  of  the  Iron  and  Steel 
Institute  contains  a  most  valuable  abstract  of  the  advances  in  the 
metallurgy  of  iron  and  steel,  with  notes  on  the  mining  and  prepara- 
tion of  iron-ore,  of  refractory  materials,  and  of  fuel.  The  Proceed- 
ings of  the  Institution  of  Civil  Engineers  give  us  lucid  digests  of 
the  advances  in  the  arts  to  which  that  society  chiefly  devotes  itself. 
Migbt  not  our  Institute  well  supplement  these  by  an  abstract  of  the 
progress  in  mining,  in  concentration,  and  in  non-ferrous  metallurgy? 
For  this,  the  labor  of  men  of  special  qualifications  would  be  needed, 
but  would  it  not  increase  greatly  both  our  usefulness  to  our  race  and 
the  value  of  our  Transactions  to  ourselves? 

In  short,  like  so  many  other  societies,  had  we  more  to  spend  we 
could  spend  it  profitably.     Can  we  then  increase  our  resources? 

Two  ways  suggest  themselves — the  establishment  of  a  large  fund 
and  an  increase  in  our  annual  assessments.  In  offering  these  sug- 
gestions, I  remind  you  that  a  sister  society  adopted  the  second  of 
these  two  expedients  a  little  more  than  two  years  ago,  and  appar- 
ently without  retarding  its  own  growth.  It  is  economical  to  allow 
others  to  experiment;  it  is  wise  to  study  carefully  their  results,  and 
to  see  what  light  they  cast  on  our  own  problems. 

Of  course,  no  such  step  should  be  taken  without  most  thorough 
and  deliberate  study.  As  the  conditions  of  the  two  societies  are  far 
from  identical,  it  may  indeed  appear,  on  closer  examination,  that  for 
us  this  course  would  be  unwise  or  even  dangerous.  But  the  general 
resemblance  between  the  conditions  is  so  close  as  to  raise  a  strong 
presumption  that  what  has  been  so  successful  in  one  case  would  suc- 
ceed in  the  other. 

Success  in  this  experiment  might  well  increase  very  greatly  our 
power  of  usefulness.  Just  as  each  man,  taken  as  an  individual,  is 
morally  bound  to  give  his  powers  their  fullest  possible  development, 
so  I  take  it  a  society  of  men  has  no  more  moral  right  to  neglect  to 
develop  its  powers  of  usefulness  as  fully  as  possible.  Here  the 
presumption  seems  to  me  so  strong  in  favor  of  so  great  an  in- 
crease in  our  powers  as  to  press  this  question  home  upon  us,  to 
raise  it  from  the  level  of  mere  detail  to  that  of  broad  general 
policy,  and  to  make  it  well  worthy  of  presentation  even  in  a  presi- 
dential address. 

The  present  time  of  financial  depression,  though  unfavorable  for 
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the  execution  of  such  an  experiment,  may  not  be  a  bad  one  for  be- 
ginning to  study  its  advisability. 

Finally,  would  it  not  be  well  that  important  researches  in 
mining  and  metallurgy  should  be  directly  stimulated  by  prizes,  or 
perhaps  by  pecuniary  assistance  under  proper  restrictions?  Are 
there  not  some  among  us  who  would  gladly  found  such  means  of 
inciting  our  investigators  and  of  rewarding  their  labors?  Would 
not  our  Council  be  an  excellent  mechanism  for  administering  such 
foundations? 

These  are  questions  easy  to  ask,  but  to  be  answered  with  care ; 
these  are  projects  readily  proposed  but  difficult  of  execution.  Rais- 
ing them  not  thoughtlessly,  nor  unmindful  of  obstacles,  I  commend 
them  to  your  serious  and  deliberate  consideration. 


PYROMETRY  AND  THE  HEAT-TREATMENT  OF  STEEL. 

BY   HENRY   M.    HOWE,    BOSTON,    MASS. 
(Extract  from  the  Presidential  Address  at  the  Virginia  Beach  Meeting,  February,  1894.) 

I  NOW  call  your  attention  to  two  directions  in  which  very  impor- 
tant progress  may  be  confidently  hoped  for — pyrometry  and  the 
heat-treatment  of  steel. 

We  already  find  in  the  market  more  than  one  pyrometer  which, 
in  spite  of  serious  defects,  may  be  used  advantageously  for  deter- 
mining and  controlling  the  temperature  of  many  of  our  metallur- 
gical processes.  It  is  to  be  hoped,  and  with  much  confidence,  that 
by  the  rapid  extension  of  the  use  of  such  instruments,  the  economy 
and  efficiency  of  these  processes  may  undergo  an  increase  which,  in 
the  aggregate,  will  be  of  the  greatest  importance.  In  this  connec- 
tion, the  lucid  paper  of  Prof.  Roberts-Austen,*  and  the  learned  bul- 
letin of  Mr.  Barus,t  are  most  welcome. 

But  much  remains  to  be  done  in  the  way  of  devising  pyrometers 
suitable  for  manufacturing  purposes.  While  some  of  the  present 
pyrometers  are  most  convenient  and  accurate  in  the  laboratory, 
serious  difficulties  attend  the  use,  in  factories,  of  those  which  I  have 

*  Trans.,  xxiii.,  407. 

f  Bulletin  No.  54,  U.  S.  Geol.  Survey,  1889. 


PYROMETRY    AND    THE    HEAT-TREATMENT   OF   STEEL.  747 

examined.  I  am  inclined  to  believe  that,  for  a  great  number  of 
purposes,  by  far  the  most  promising  and  the  most  practicable  pyro- 
metric  method  should  be  the  measurement  of  the  heat  or  light  radi- 
ated from  the  hot  object  or  space  which  is  under  examination.  It 
should  permit  wider  and  much  easier  use  than  any  method  which 
demands  that  some  part  of  the  pyrometer  itself,  or  of  its  system,  be 
brought  to  the  high  temperature  which  is  to  be  measured. 

The  papers  of  the  past  year,  which  I  proposed  to  group  to- 
gether under  the  title  of  the  "Physics  of  Steel,"*  are  not  the  only 
evidence  of  the  serious  study  this  most  important  question  is  re- 
ceiving. One  result  of  these  studies  will  be  a  better  adaptation  of 
the  chemical  composition  of  the  metal  to  the  needs  of  each  special 
use ;  but  a  far  more  important  result,  I  believe,  will  be  a  great  im- 
provement and  extension  of  the  methods  of  treatment  by  heat,  at 
least  for  steel,  and  possibly  for  the  other  metals  of  construction. 

In  the  hardening  and  tempering  of  tools,  in  the  annealing  of  steel 
castings,  in  the  chilling  and  annealing  of  car-wheels  and  other  cast- 
iron  objects,  and  in  the  manufacture  of  guns,  projectiles,  and  armor, 
we  have  already  extensive  and  careful  if  empirical  heat-treatment. 
Even  in  the  manufacture  of  rails,  plates,  and  tires  we  have  been  in 
a  measure  forced  into  a  kind  of  heat-treatment;  for  we  may  class 
under  this  head  the  regulation  of  the  finishing-temperature. 

The  evidence  before  us  scarcely  permits  us  to  doubt  that,  by 
proper  treatment  of  steel,  we  may  at  will  very  greatly  increase  the 
tenacity,  the  elastic  limit,  the  ductility,  the  resistance  to  wear,  or  a 
combination  of  these  properties;  and  that  we  can  thus  fit  our  metal 
much  more  closely  to  its  needs,  with  the  result  of  greatly  improving 
the  objects  which  it  forms,  or  of  greatly  lightening  them.  For  this 
there  is  good  reason  to  believe  that  relatively  simple  and  inexpen- 
sive methods  will  suffice.  If  such  methods  of  greatly  increasing 
the  usefulness  of  steel  lie  before  us,  simply  awaiting  exploration 
and  application,  it  is  certain  that  they  will  be  explored  and  ap- 
plied. 

For  instance,  a  ready  and  safe  means,  such  as  we  may  hope  for, 
of  attaining  in  steel  greater  resistance  to  repetition  of  stress,  should 
permit  us  to  decrease  greatly  the  weight  of  many  structures,  espe- 
cially of  those  in  which  weight  is  objectionable  in  itself,  as  it  is  in 
the  cases  of  ships,  of  bridges,  and  rolling-stock,  and  in  many  others. 

*  See  Truns.,  xxii.,  105,  243  and  546  ;  xxiii.,  37,  113,  466  and  60S;  also  the  dis- 
cussion on  this  subject  in  the  present  volume,  p.  759. 
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We  are  promised  a  great  increase  in  the  wearing-power  of  rails 
through  lowering  their  finishing-temperature,  and  by  slightly  vary- 
ing that  of  steel  plates  it  has  been  found  possible  to  regulate  their 
physical  properties. 

In  what  we  have  hitherto  done  in  the  study  and  in  the  applica- 
tion, whether  scientific  or  empirical,  of  heat-treatment,  we  have  only 
nibbled  ;  we  have  hardly  done  more  than  to  gain  an  idea  of  the 
vastness  of  the  unsailed  ocean  of  usefulness  that  stretches  be- 
fore us. 

We  are  not  to  expect  extremely  rapid  progress,  for  two  distinct 
and  very  serious  obstacles  lie  in  our  way — our  own  ignorance  and 
that  of  the  users  of  steel.  We  have  only  scanty  and  isolated  frag- 
ments of  knowledge  as  to  how  heat-treatment  should  proceed  in  order 
to  induce  this  or  that  specific  set  of  properties  in  steel ;  and  the  users 
of  the  metal  know  certainly  as  little  as  to  what  combinations  of 
properties  are  best  fitted  to  the  needs  of  actual  practice. 

Each  problem  has  great  difficulties.  On  the  one  hand,  not  only 
the  rationale  but  the  laws  of  the  influence  of  heat-treatment  are 
most  elusive;  on  the  other,  we  can  hope  to  learn  what  combinations 
of  properties  are  best  suited  to  the  conditions  of  indefinitely  pro- 
longed use,  only  by  extensive  and  almost  indefinitely  prolonged  ex- 
periment. 

Fortunately  many  investigators,  some  of  them  well  equipped,  are 
now  earnestly  studying  each  problem.  Not  only  those  who  experi- 
ment directly  with  heat-treatment,  but  also  the  students  of  the  rela- 
tion between  composition  and  properties,  the  microscopists  or  rnetal- 
lographers,  and  the  etchers,  are  jointly  approaching  the  former 
problem  from  many  directions.  They  attack  with  arms  of  precision, 
improved  pyrometric,  photographic  and  micrographic  methods. 
And  many  important  mechanical  laboratories,  among  the  very 
foremost  of  which  stands  our  government  equipment  at  Water- 
town,  are  firmly  laying  the  foundations  of  thorough  knowledge  of 
the  properties  needed  to  fit  steel  best  for  its  most  important  uses. 

May  the  fruitfuluess  of  their  labors  be  increased  by  co-operation. 
Learning  from  each  others'  work  the  points  of  strategic  value,  may 
each  concentrate  his  attack  on  their  lines  of  least  resistance. 

I  for  one  hope  to  see  the  day  when  the  use  of  untreated  steel  for 
our  important  purposes  will  be  regarded  as  we  should  now  regard 
the  use  of  cast-iron  for  rails. 
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BY  E.    C.    PECHIN,    CLEVELAND,    O. 

(Bridgeport  Meeting,  October,  1894.) 

Secretary's  Note. — Mr.  Bramwell  was  born  in  1846,  at  Liverpool,  England, 
his  father  being  English,  and  his  mother  American,  of  Scotch  ancestry.  Brought 
to  the  United  States  in  early  childhood,  he  was  educated  at  the  public  schools 
and  graduated  from  the  College  of  the  City  of  New  York.  He  subsequently  studied 
his  profession  as  a  mining  engineer  at  the  Royal  School  of  Mines,  Berlin,  Prussia, 
and  was  for  a  short  time  in  the  service  of  the  Prussian  government  at  Konigs- 
hiitte.  Returning  to  this  country  in  1871,  he  was  employed  during  succeeding 
years  as  mining  engineer,  chemist,  and  manager  at  various  furnaces  and  iron- 
works in  Pennsylvania  and  the  Southern  States  until,  in  1883,  he  became  actively 
engaged  in  the  development  of  the  Flat-Top  coal-field  of  southwestern  Virginia, 
in  which  region  the  town  of  Bramwell  was  named  after  him,  in  recognition  of  his 
services  as  a  pioneer  of  the  great  industry  which  he  did  so  much  to  promote. 
After  prolonged  and  fluctuating  ill-health,  he  died,  July  13,  1894,  at  Paris,  France. 

At  the  opening  session  of  the  Bridgeport  meeting,  the  Secretary  announced 
his  death,  and  Mr.  Pechin,  being  called  upon,  made  the  remarks  reported  below. — 
R.  W.  R. 

Widely  as  Joseph  Herbert  Bramwell  was  known,  I  think  I  knew 
him  somewhat  better  than  any  one  else.  After  finishing  his  studies 
abroad,  he  came  to  this  country,  a  very  young  man,  seeking  an 
engagement.  This  was  about  the  beginning  of  1871,  as  I  remem- 
ber, and  I  was  then  trying  to  make  iron  at  Dunbar,  at  the  foot  of 
the  Allegheny  mountains,  in  Fayette  county,  Pa.  His  engaging 
manner  and  charming  personnel,  combined  with  his  letters  of  intro- 
duction, made  me  more  than  satisfied  in  securing  his  services  as  my 
chemist.  At  the  outset  we  lived  a  sort  of  pioneer  life,  and  for  many 
months  he  was  practically  a  member  of  my  family,  and  the  affection 
then  formed  remained  unbroken  to  his  dying  day. 

I  vividly  recall  the  circular  of  April,  1871,  signed  by  Eckley  B. 
Coxe,  R.  P.  Rothwell  and  Martin  Coryell  suggesting  a  meeting  at 
Wilkes-Barre,  Pa.,  for  the  purpose  of  forming  the  American  Insti- 
tute of  Mining  Engineers.  At  the  last  moment,  prevented  from 
going,  I  sent  Bramwell ;  and  I  am  more  than  glad  that  his  name 
appears  among  those  whose  sagacity  established  an  Institute  that 
has  become  illustrious  by  reason  of  its  numbers,  the  character  of  its 
members,  its  invaluable  papers  and  its  enormous  influence  for  good 
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the  country  over.  Of  that  little  band  of  twenty-two  only  seven 
names  now  appear  upon  our  roll.  B  ram  well's  interest  in  the  Insti- 
tute never  for  a  moment  flagged. 

Ordinarily  men  are  not  lovable;  but  he  was  a  lovable  man.  In 
many  ways  he  had  the  moral  and  mental  susceptibilities  of  a  woman  ; 
while  at  times  as  gentle  and  simple  as  a  child,  he  always  had  the 
heart  of  a  lion  and  nerves  of  steel.  Those  who  knew  him  in  his 
early  days  will  recall  his  splendid  physique  and  manly  presence.  He 
did  not  know  what  personal  fear  was.  A  few  incidents  in  his  career, 
not  generally  known,  I  think,  will  furnish  all  the  eulogy  he  needs. 

He  was  in  Germany  at  the  time  of  the  Franco-Prussian  war, 
when  typhus  fever  in  a  malignant  form  broke  out  among  the  French 
prisoners.  Volunteers  being  called  for  to  nurse  them,  this  young 
man,  almost  a  boy,  with  everything  to  live  for,  willingly  gave  his 
services  to  the  sick  and  dying  strangers  of  a  race  not  his  own. 

After  leaving  Dunbar,  he  had  charge  of  a  small  furnace,  likewise 
close  to  the  mountains,  where  he  was  annoyed  and  harassed  by  moon- 
shiners coming  in  and  selling  whiskey  to  his  men.  This  became  at 
last  so  intolerable  that  he  determined  to  put  a  stop  to  it  at  any  cost. 
One  day,  towards  evening,  a  desperado  came  in  for  his  usual  traffic, 
whom  Bramwell  determined,  if  possible,  to  arrest.  Starting  with  an 
associate,  whom  he  outran,  Bramwell  chased  the  man  for  several 
miles,  and  as  he  gained  upon  him  the  ruffian  turned  and  emptied 
a  revolver  at  his  pursuer,  fortunately  without  effect.  Overtaken 
at  last,  and  secured  single-handed,  he  was  held  until  assistance  ar- 
rived, and  he  was  taken  to  jail.  I  asked  Bramwell  how  he  felt 
when  the  fellow  was  shooting  at  him,  and  his  reply  was  character- 
istic: "I  don't  think  I  thought  at  all,  except  that  I  would  catch 
him  if  I  could." 

Some  of  you  may  remember  the  burning  of  a  theater,  on  Broad- 
way, New  York,  a  number  of  years  ago.  At  that  time  there  was 
an  old-fashioned,  three-story  building  in  front,  with  projecting  win- 
dow-sills and  cornices.  During  the  height  of  the  fire,  when  the 
theater  in  the  rear  was  in  flames,  the  ghastly,  bleeding  head  of  a 
man  was  seen  to  appear  for  an  instant  at  one  of  the  smoking  third- 
story  windows  and  then  to  fall  back  exhausted.  As  yet  the  ladders 
had  not  reached  the   fire,  and   the  destruction  of  the  unfortunate 

victim  seemed  imminent  and   inevitable.     At  this  moment  a  fash- 

i 

ionably-dressed  young  man  in  the  crowd  threw  off  his  overcoat  and 
was  raised  by  willing  hands  until  he  could  grasp  the  projection 
over  the  door  of  the  adjoining  building.     Drawing  himself  up,  he 
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clambered  from  window  to  window  until  he  reached  the  one  where 
the  man  had  been  last  seen.  Disappearing  in  the  thick  smoke,  he 
shortly  reappeared,  bearing  the  disabled  wretch  in  his  arms,  and 
held  him  until  the  ladder  was  raised  and  both  were  rescued.  The 
hero,  who  refused  to  give  his  name  to  the  surging  and  enthusiastic 
crowd  below,  was  Joseph  Herbert  Bramwell. 

These  incidents  reveal  the  man.  He  was  keenly  alive  to  the  mis- 
fortunes of  others,  and  freely  lent  a  helping  hand.  No  one  will 
ever  know  of  his  many  and  unostentatious  benefactions.  He  him- 
self had  more  than  once  passed  through  the  bitter  waters  of  business 
adversity  and  learned  a  lesson  that  he  never  forgot  when  fortune 
smiled  upon  him. 

Commencing  with  nothing  but  a  well-stored  mind  and  enormous 
energy,  for  a  number  of  years  filling  responsible  but  not  remunera- 
tive positions,  he  subsequently  become  the  lessee  of  Quinnimont 
Furnace,  in  West  Virginia,  and  after  several  years  of  indefatigable 
exertion  and  incessant  toil  he  left  Quinnimont  with  a  considerable 
sum  of  money,  every  cent  of  which  was  sunk  at  Ironton,  Ohio,  not 
by  his  own  fault,  but  by  a  combination  of  circumstances  he  could  not 
control. 

Once  again,  with  nothing  but  his  enlarged  experience  and  super- 
lative courage,  he  started  afresh  in  a  new  and  then  comparatively 
unknown  field,  the  Flat-Top  coal-field  of  West  Virginia.  He  went 
as  a  pioneer  into  those  wild  mountains  and  gorges,  suffering  all 
sorts  of  personal  discomfort  and  privation  day  after  day,  week  after 
week,  month  after  month,  performing  his  duties  with  absolute  faith- 
fulness and  ultimately  bringing  a  large  success  to  himself  and  as- 
sociates. 

Splendid  as  was  his  business  zeal,  he  was  as  gallant  in  his  fight 
with  death  when  attacked  by  a  violent  disease,  the  result  of  expos- 
ure. For  five  years  he  was  a  constant,  brave  struggler  against  the 
inevitable.  Racked  with  intense  pain,  which  the  best  skill  could 
only  alleviate  ;  at  times  undergoing  severe  surgical  treatment;  care- 
less of  himself  with  partially  returning  health  and  strength  ;  in  the 
prime  of  life,  with  his  financial  condition  assured,  with  the  un- 
bounded respect  and  esteem  of  his  business  associates,  and,  in  addi- 
tion, the  affection  of  unnumbered  friends,  he  met  on  a  foreign  shore 
the  grim  enemy  from  whom,  sooner  or  later,  there  is  no  escape. 

His  whole  life  is  a  shining  example  to  the  young  men  who  are 
following  his  professional  footsteps  in  the  Institute,  of  which  he 
was  an  organizer  and,  .to  the  last,  a  member,  honored  and  beloved. 
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GEOLOGICAL  DISTRIBUTION  OF  THE  USEFUL  METALS 
IN  THE  UNITED  STATES. 

Continued  Discussion  of  Mr.  Emmons's  paper.     (See  vol.  xxii.,  pp.  53  and  732.) 
(Virginia  Beach  Meeting,  February,  1894.) 

William  Hamilton  Merritt,  F.G.S., Toronto, Ont.  (communi- 
cation to  the  Secretary) :  With  reference  to  Mr.  Emmons's  remarks 
on  the  nickel-deposits  of  Sudbury  in  the  district  of  Algoma,  Province 
of  Ontario,  Canada,  and  his  general  argument  in  connection  with 
igneous  rocks  as  the  source  of  supply  of  ores,  I  would  draw  attention 
to  two  series  of  facts  personally  observed  in  connection  with  the 
Sudbury  deposits. 

1.  The  Diorite  as  a  Source  of  Supply. — The  diorite,  as  a  rule,  is 
speckled  with  pyrrhotite,  and  to  a  less  extent  with  chalcocite.  In 
the  diorite  I  have  seen  a  speck  of  free  gold  quite  visible  to  the  naked 
eye.  The  same  diorite,  decomposed,  has  been  run  through  a  pros- 
pector's stamp-mill  in  an  earthy  or  gossany  state,  and  free  gold  and 
the  new  platinum  mineral,  sperrylite  (PtAs2),  perfectly  crystalline, 
have  been  collected  from  it.  Near  by,  a  quartz-vein,  cutting  the 
same  diorite  formation,  has  yielded  rich  samples  of  free  gold,  which 
occurs  also  in  the  diorite  walls  beside  the  vein,  the  wall-rock  being, 
in  some  places,  thickly  interlaced  with  threads  of  gold. 

2.  Secondary  Action  in  Concentration  has  Produced  Some  of  the 
Ore-Bodies. — As  has  been  noted  by  Mr.  Emmons,  the  theory  of  dif- 
ferentiation, or  the  concentration  of  the  ore-bodies  in  the  fused 
magma,  is  offered  to  explain  the  source  of  the  Sudbury  nickeliferous 
pyrrhotite  masses  in  the  intrusive  diorite.  This  would  not  appear 
unreasonable.  Yet  I  am  satisfied  that  a  secondary  concentration 
must  have  taken  place  to  explain  the  presence  of  some  of  the  ore- 
bodies;  at  all  events,  where  the  contents  of  copper  run  compara- 
tively high.  The  presence  of  the  horses  of  country-rock  cemented 
by  the  ore  (alluded  to  by  Mr.  Emmons),  and  which  I  have  observed 
sharply  brecciated,  seems  to  strengthen  this  belief;  for  if  they  had 
been  floating  in  a  fused  magma,  surely  all  abrupt  demarcation  would 
be  obliterated. 

Moreover,  I  have  seen  such  signs  of  secondary  action  as  thin  films 
of  native  copper  in  connection  with  the  ore-body  ;  also  a   band  of 
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"  fluccan  "  cutting  across  it,  which  may  indicate  a  portion  of  the  chief 
channel  which  may  have  filled  the  cavities  caused  by  movement. 
Native  copper  grains  are  also  seen  in  the  crystalline  hornblende-rock 
associated  with  the  deposit.  1  have  not  observed  serpentine,  which 
might  be  expected  to  occur.  In  another  portion  of  the  same  ore- 
body  there  is  free  gold  visible  in  chalcopyrite ;  and  where  a  very 
small  crack  or  vug  had  occurred  in  the  ore,  wire-gold  has  been  de- 
veloped. The  ore-body  is  distinctly  more  quartzose  than  the  diorite 
in  which  it  occurs. 


JAW-CBUSHEES. 


Continued  Discussion  of  Mr.  Douglas's  paper.     (See  vol.  xxii.,  pp.  321  and  647.) 
(Virginia  Beach  Meeting,  February,  1894.) 

C.  E.  Dewey,  Georgetown,  Colo,  (communication  to  the  Secre- 
tary) :  In  his  remarks  on  crushing-machiuery,  Mr.  Douglas  says 
(Trans.,  xxii.,  p.  322): 

"To  insure  a  smaller  and  more  uniform  size  of  particles  in  the  crushed  material, 
the  Dodge  crusher  still  communicates  motion  to  the  upper  extremity  of  the  mova- 
ble jaw,  which  oscillates  on  fixed  pivots  projecting  from  its  lower  extremity." 

The  notion  that,  in  order  to  obtain  a  fine  and  uniform  product 
from  a  rock-breaker,  the  movable  jaw  must  be  pivoted  at  its  lower 
extremity,  seems  to  obtain  generally  among  mill-men,  as  well  as 
among  manufacturers  of  machinery.  My  experience  with  machines 
of  both  types  does  not  confirm  this  belief.  It  is  true  that,  to  obtain 
a  uniformly  fine  product  from  a  jaw-crusher,  the  stroke  at  the  lower 
extremity  of  the  crushing-surface  must  be  short;  but  that  the  move- 
ment at  that  end  must  be  less  than  at  the  other  or  receiving-end  is, 
I  think,  an  erroneous  assumption. 

Figs.  1  and  2  are  intended  to  illustrate  the  two  types  of  machine. 

It  is  found  in  practice  that  the  capacity  and  the  nature  of  the 
product  of  either  machine,  as  usually  constructed,  are  governed  by 
the  opening,  C  D,  and  the  length  of  stroke  of  the  movable  jaw  at  D. 
This  being  the  case,  machines  of  either  type,  of  the  same  width  of 
crushing-surface,  running  at  the  same  speed,  and  having  the  same 
adjustment  as  to  opening  and  stroke  at  D,  should  give,  when  fed 
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with  the  same  material,  practically  the  same  product  both  in  fine- 
ness and  in  total  amount. 

The  principal  difference  in  the  working  of  the  two  types  lies  in 
the  manner  in  which  they  attack  the  coarse  ore.  In  the  Dodge  type 
the  movable  jaw  has  from  two  to  three  times  the  velocity  and  length 
of  stroke  at  B  that  it  has  at  D,  while  the  Blake  has  but  one-half  to 
one-third  the  velocity  and  stroke  atB  that  it  has  at  D;  consequently 
(the  adjustment  at  D  being  the  same  in  both),  the  velocity  and  stroke 
of  jaw  at  B  in  the  Dodge  type  will  be  from  four  to  nine  times  that 
at  the  same  point  in  the  Blake.  The  result  is,  that  the  Dodge  type 
breaks  the  large  lumps  much  as  a  man  would  break  them  with  a 
hammer,  while  the  Blake,  by  comparatively  quiet  pressure,  cracks 


Fig.  I. 


Fig.  2. 


Dodge  Type 
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Blake  Type 


the  large  pieces,  allowing  them  to  settle  down  as  room  is  made  for 
them.  That  the  latter  method  does  an  equal  amount  of  work  with 
less  shock  to  the  machine  and  to  the  building,  and  is,  in  general, 
more  satisfactory,  I  think  will  be  admitted  by  those  who  have  had 
experience  with  both  kinds. 

Since,  by  the  proper  adjustment  of  parts,  any  desired  length  of 
stroke  of  jaw  can  be  obtained  in  either  machine,  it  seems  clear  that 
any  greater  uniformity  or  fineness  of  product  from  one  machine  as 
compared  with  the  other,  will  be  obtained  at  the  expense  of  capacity. 
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AMERICAN  BLAST-FURNACE  PRACTICE. 

Continued  Discussion  of  Mr.  Potter's  paper.     (See  vol.  xxiii.,  pp.  370  and  577.) 
(Virginia  Beach  Meeting,  February,  189-1.) 

James  Gayley,  Braddock,  Pa.  (communication  to  the  Secre- 
tary): Mr.  Potter  has  made  reference  to  our  practice  at  the  Edgar 
Thomson  works  in  the  direction  of  increasing  the  life  of  the  lining, 
and  mentions  the  product  of  one  of  our  furnaces  as  having  reached 
a  total  of  370,000  tons.  It  may  be  interesting  to  know  that  this 
furnace  has  been  put  out  of  blast  with  a  record  of  452,685  tons,  after 
a  run  of  three  years  and  nine  months.  A  companion-furnace  to  this 
will  produce,  before  the  present  year  is  ended,  half  a  million  tons. 
As  Mr.  Potter  has  quite  correctly  designated  this  as  "the  newest 
problem  in  furnace-practice,"  a  description  of  the  construction  of  this 
furnace-lining  may  be  welcome  to  members. 

The  bricks  used  in  the  lining  are  9  and  13J  inches  long,  with  the 
requisite  quantity  of  straight  and  key-shapes  to  turn  the  circle. 
These  bricks  are  well  suited  for  enclosing  the  numerous  bosh-plates 
used  for  cooling.  The  bosh-plates  (the  efficient  fortress  of  the  lining) 
extend  from  the  top  of  the  tuyere  arch  to  the  mantel,  and  are  in- 
serted in  rows,  18  inches  to  2  feet  apart.  These  form  a  perfect  de- 
fence against  encroachment  on  the  bosh-lining,  and  leave  the  bosh 
at  the  end  of  the  blast  of  the  same  thickness  as  at  the  beginning. 
The  protection  afforded  by  these  bosh  plates  is  the  principal  cause 
of  the  increased  duration  of  the  furnace-lining.  But  it  must  be 
noted  that  the  shape  and  material  of  the  plate  are  essential  elements. 
The  most  serviceable  plate  is  that  made  of  bronze  or  copper.  We 
have  tried  every  form  of  iron  plates  without  obtaining  satisfactory 
results.  These  were  replaced  with  bronze  plates,  built  into  the  lining, 
which  gave  excellent  results  so  long  as  they  did  not  leak  ;  but  when 
this  occurred,  as  it  did  in  time,  the  water  was  shut  olf,  and,  since  the 
plates  could  only  be  removed  with  difficulty,  they  were  allowed  to 
burn  off.  This  permitted  encroachment  on  the  bosh-walls,  which 
thus  became  enlarged  beyond  the  limit  required  for  economical  prac- 
tice. With  the  introduction  of  the  removable  plate,  made  tapering 
on  the  sides,  with  plain  surfaced  top  and  bottom,  these  troubles  have 
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been  overcome.  A  plate  can  be  easily  removed  when  a  leak  occurs, 
and  a  new  one  can  be  inserted  in  less  than  half  an  hour.  By  this 
means  the  bosh-wall  is  preserved  in  shape  throughout  the  whole 
blast,  and  economy  of  practice  is  maintained. 

One  point,  particularly  worthy  of  mention,  has  been  observed 
recently,  viz.,  that  the  removable  bosh-plate  (of  bronze  or  copper) 
protects  not  only  the  bosh-wall,  but  also  the  whole  of  the  upper 
lining,  from  the  point  where  the  stock  strikes  against  the  top- 
lining  down  to  the  mantel.  The  wear  of  the  lining,  for  double  the 
production,  is  only  about  half  what  it  was  when  the  bosh  was  pro- 
tected differently.  The  result,  as  amply  demonstrated  by  practice, 
is,  that  the  fuel-consumption  does  not  increase  with  the  length  of 
the  blast,  as  has  been  the  usual  experience  ;  and  it  also  follows  that 
the  production  maintains  its  regularity. 

Mr.  Potter  has  ably  summarized  the  great  progress  made  in 
American  blast-furnace  practice  during  the  past  twelve  years;  yet, 
great  as  it  has  been,  I  venture  to  predict  that  the  next  twelve  will 
show  as  long  a  stride  beyond  our  present  achievements. 
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Continued  Discussion  of  various  papers  on  this  subject.     (See  vol.  xxii.,  pp.  105, 
243  and  546,  and  vol.  xxiii.,  pp.  37,  113,  466  and  608  ) 

(Virginia  Beach  Meeting,  February,  189-i.) 

Albert  Sauveur,  South  Chicago,  111.  (communication  to  the 
Secretary) :  Mr.  Howe  remarks  (Trans.,  xxiii.,  656)  that,  running 
through  my  paper,  there  is  a  tacit  assumption  that  there  is  a  constant 
and  known  relation  between  the  coarseness  of  the  grain  of  steel  and 
its  quality.  The  above  assumption  was  not  made  tacitly.  On  the 
contrary,  it  is  based  upon  the  very  experiments  embodied  in  my 
paper.  Indeed,  most  of  those  experiments  were  undertaken  with 
that  end  in  view,  i.e.,  to  ascertain  the  existence  of  such  a  relation. 

Mr.  Howe  calls  attention  to  the  fact  that  of  two  pieces  of  man- 
ganese-steel, originally  from  the  same  bar,  the  coarser-grained  showed 
the  greater  strength  and  ductility.  This  refers  to  the  fracture  of  the 
pieces;  whereas,  I  have  considered  the  micro-structure  only,  inde- 
pendent of  the  fracture;  and   I  do  not  think  that  a  coarse  fracture 
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necessarily  corresponds  to  a  coarse  micro  structure.  It  would  be 
interesting  and  instructive  to  examine,  microscopically,  a  polished 
and  etched  sample  of  each  piece,  and  see  whether,  in  this  special 
case,  the  larger  micro-grain  gives  the  greater  ductility.  The  same 
remark  applies  to  Mr.  Hadfield's  mention  [Trans.,  xxiii.,  613)  of  a 
German  casting,  which  gave  good  results  in  the  testing-machine,  and 
showed  a  very  coarse  fracture. 

I  would  add,  that  my  experiments  related  to  carbon-steels  only, 
and  it  would  be  hazardous  to  extend  my  conclusions  to  manganese- 
steel,  and  other  steel-alloys,  without  further  investigation. 

It  may  be  well,  in  connection  with  this  discussion,  first,  to  recall 
very  briefly  the  main  conclusions  to  which  I  was  led  in  studying  the 
microscopic  structure  of  steel,  as  set  forth  more  in  detail,  together 
with  the  evidences  sustaining  them,  in  my  paper,  on  the  "  Micro- 
structure  of  Steel,"  presented  at  the  Chicago  meeting  (Trans.,  xxii., 
546). 

All  steels  crystallize  when  quietly  and  slowly  cooled  from  a  tem- 
perature, x,  or  higher.  This  temperature,  x,  varies  with  the  chemical 
composition  of  the  metal.  Generally  speaking,  we  may  say  that 
each  impurity  lowers  x,  although  in  very  different  degrees.  That  is, 
the  more  impure  the  steel,  the  lower  will  be  the  temperature  at  which 
crystallization  ceases,  and,  consequently,  the  coarser  the  grain  in  the 
finished  piece,  for  a  given  heat -treatment. 

The  higher  the  initial  temperature,  from  which  the  steel  is  allowed 
to  cool  undisturbed,  and  the  slower  that  cooling,  the  larger  the 
micro-grains  for  a  given  chemical  composition. 

There  is  a  constant  relation  between  the  physical  properties  of  steel 
and  the  size  of  the  micro-grains,  provided  we  compare  with  each 
other  steels  of  the  same  class  only ;  that  is,  containing  the  same, 
or  nearly  the  same,  amount  of  carbon.  We  find,  then,  that  the 
smaller  the  micro-grains  the  greater  the  ductility  of  the  metal,  as 
judged  from  its  percentage  of  elongation  and  of  reduction  when 
submitted  to  tensile  strain.  The  relation  which  the  grain  bears  to 
the  ultimate  resistance  has  not  been  so  clearly  demonstrated.  Up 
to  a  certain  size  of  grain,  the  tensile  strength  diminishes  together 
with  the  elongation  and  reduction,  but  not  by  any  means  so  rapidly. 
Beyond  that  point,  it  shows  a  tendency  to  increase,  while  the  duc- 
tility continues  its  rapid  fall. 

In  most  of  our  experiments,  samples  of  Bessemer  rail-steel  were 
used,  and  for  this  class  of  metal,  only,  was  a  sufficient  number  of 
cases  recorded  to  justify  our  proposition  concerning  the  relation  be- 
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tween  micro-structure  and  physical  properties;  but,  there  seems  to 
be  no  reason  why  it  would  not  apply  to  any  class  of  steel.  Indeed, 
it  is  quite  natural  and  logical  to  infer  that  its  application  is  general. 

Work  does  not  affect  the  size  of  the  micro-grains.  It  is  true,  that 
if  two  pieces  of  steel,  identical  in  composition,  size,  and  shape,  and 
similarly  heated,  are  worked  down  so  that  one  of  them  will  receive 
a  greater  reduction  than  the  other,  the  former  will  show  a  smaller 
grain ;  but  this  is  due  to  the  lower  temperature  at  which  that  piece 
was  necessarily  finished,  and  not  to  the  greater  amount  of  work  it 
has  received.  Therefore,  hot-work,  as  such,  has  no  effect  on  the 
micro-structure  of  steel ;  but,  indirectly,  by  retarding  crystallization, 
it  does  indeed  influence  it  most  decidedly. 

The  practical  deductions  from  the  foregoing  propositions  are  nu- 
merous and  valuable.  If  we  accept  the  micro-structure  as  a  symbol 
of  the  physical  character  of  the  steel  (which,  I  think,  has  been  sat- 
isfactorily established),  our  last-stated  proposition  has  an  important 
corollary :  In  a  sound  piece  of  steel,  which  has  been  rendered  such 
by  a  sufficient  amount  of  work,  further  work  will  not  improve  the 
quality,  unless  indirectly  by  retarding  crystallization.  If  this  bene- 
ficial retardation  could  be  accomplished  by  heat-treatment  alone,  or 
by  any  other  means,  the  result  would  be  the  same. 

Whether  the  micro-structure  is  affected  by  the  casting  tempera- 
ture, or  by  the  heating  previous  to  forging  or  rolling,  has  not  been 
ascertained.  No  doubt,  these  two  factors  have  an  extremely  import- 
ant influence  on  the  quality  of  the  finished  product,  mainly  by  their 
intimate  correspondence,  the  former  with  the  disposition  and  size 
of  blow-holes,  the  latter  with  the  closing  of  the  same.  But  I  am 
inclined  to  think  that  if  they  do  affect  the  micro-structure,  it  is  only 
indirectly,  by  their  influence  on  the  finishing-temperature. 

One  fact  which  the  microscope  has  demonstrated  in  a  most  satis- 
factory way  is  the  effect  of  heat-treatment  on  the  micro-structure  of 
steel  and  consequently  on  its  physical  properties.  It  shows  the  close 
relation  which  exists  between  size  of  grains,  finishing- temperature 
and  rate  of  cooling.  When  the  use  of  the  microscope  shall  have  be- 
come more  general  in  connection  with  steel-making,  its  usefulness  in 
this  direction  will  be  readily  established  and  greatly  appreciated. 
Too  little  attention  is  generally  paid  to  the  extremely  important  part 
played  by  heat-treatment.  Micro-structure  is  a  function  both  of 
chemical  composition  and  of  heat-treatment.  Chemical  composition 
alone  cannot  confer  the  desired  quality  on  a  finished  piece  of  steel, 
where  heat-treatment  has  not  been  equally  well  planned.     The  hurt- 
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fnl  effect  of  some  impurities  is  greatly  attenuated  by  proper,  and 
greatly  intensified  by  defective,  heat-treatment.  This  is  not  new; 
but  it  is  too  often  lost  sight  of,  and  only  imperfectly  understood. 

If  we  want  to  secure  the  maximum  toughness  which  a  certain 
composition  will  permit,  we  must  finish  our  piece  at  as  low  a  tem- 
perature as  practicable.  The  beneficial  effect  of  forging,  and  hence 
finishing,  at  low  temperature  has  received  due  recognition  in  the  new 
steel-rail  specification  of  the  New  York  Central  and  Hudson  River 
Railroad  Company,  which  asks  that  the  rails  be  rolled  at  "  as  low  a 
heat  as  possible." 

When  hardness,  or  rather  power  to  resist  abrasion,  is  required  to- 
gether with  toughness,  as  is  the  case  for  rails,  it  might  be  inferred 
that  by  finishing  at  a  low  temperature  and  thereby  securing  a  tougher 
metal,  we  would  at  the  same  time  reduce  the  wearing-quality  of  the 
rail.  To  this  objection  it  may  be  answered  that  what  causes  hard- 
ness is  the  amount  of  carbide  of  iron  present  in  the  metal.  Carbide 
of  iron  (Fe3C,  probably)  is  the  hard  constituent  of  unquenched  car- 
bon-steel. (We  do  not  consider  here  the  hardness  due  to  other  im- 
purities; but  with  regard  to  them  our  reasoning  would  be  the  same.) 
Now  the  amount  of  carbide  does  not  vary  with  the  finishing-tempera- 
ture. By  lowering  that  temperature  we  do  not  in  any  way  reduce 
it,  hence  we  do  not  alter  the  hardness  ;  we  simply  retard  crystalli- 
zation, thus  securing  a  smaller  grain,  which  means  increased  duc- 
tility. 

The  problem  which  the  steel-maker  should  try  to  solve  is,  how 
best  to  combine  chemical  composition  and  heat-treatment  in  order  to 
secure  a  desired  structure.  Of  course  it  is  seldom,  if  ever,  that  the 
conditions  of  manufacture  are  such  that  these  two  factors  can  be 
varied  at  will.  It  is  usually  only  within  limits,  and  often  very  nar- 
row ones,  that  they  can  be  altered.  Sometimes  for  practical,  me- 
chanical or  economical  reasons  the  heat-treatment  cannot  be  changed, 
at  least  not  to  the  desired  extent;  the  chemical  composition  only 
being  controllable,  and  that  within  limits.  Sometimes  the  heat- 
treatment  alone  is  susceptible  of  some  variation,  the  composition 
being  perforce  a  constant,  or  nearly  constant  factor.  But  in  all  cases 
there  is  a  combination  of  the  two  factors,  which  lies  within  the  pos- 
sible limits,  and  which  will  yield  the  best  results  obtainable  under 
the  circumstances. 

The  microscope  can  greatly  assist  us  in  solving  this  problem. 
The  changes  in  the  micro-structure  of  a  finished  piece  due  to  corre- 
sponding variations  of  composition  and  treatment,  can  be  noted  and 
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followed  more  readily  and  much  more  accurately  (especially  for 
slight  variations),  than  the  corresponding  changes  in  the  physical 
properties.  This  is  indeed  a  promising  field,  opened  to  microscopi- 
cal metallography. 

W.  Bell  Dawson,  Montreal,  Canada  (communication  to  the 
President) :  With  regard  to  the  vexed  question  of  the  relation  be- 
tween the  percentage  of  carbon  in  steel  and  the  physical  properties 
of  the  metal,  I  venture  to  made  a  suggestion  which  I  trust  may  give 
rise  to  some  discussion  on  the  subject.  I  may  add  that  it  has  oc- 
curred to  me  in  making  tests  of  Bessemer  steel  for  rails,  ransrinsr 
from  0.30  to  0.55  per  cent,  carbon,  and  low  in  all  other  elements; 
and  also  tests  of  railway  car-axles. 

It  is  now  known  from  the  researches  of  Abel  and  others,  that  car- 
bon exists  in  such  steel  in  two  states  (neither  of  which  is  graphitic), 
and  which  may  be  called  "  hardening-carbon  "  and  "cement-carbon." 
This  explains  how  steel  of  the  same  tenor  in  carbon  may  have  such 
different  physical  properties;  since  the  relative  development  of  these 
two  states  of  the  carbon  depends  on  amount  of  working,  the  temper- 
ature down  to  which  working  is  continued,  and  also  upon  the  "rate 
of  cooling,"  which  latter  term  may  be  taken  to  include  all  rates  from 
slow  annealing  to  sudden  chilling  or  quenching.  Unfortunately,  no 
satisfactory  chemical  method  is  yet  known  for  the  quantitative  deter- 
mination of  these  two  states  of  the  carbon.  There  is  Abel's  method, 
and  there  are  also  some  German  ones,  which  permit  the  carbon  in 
these  states  to  be  detected  and  distinguished  ;  but  the  relative 
amounts  still  depend  too  largely  upon  the  strength  and  temperature 
of  the  solutions  used,  etc.,  to  make  them  reliable  practically  for 
analysis. 

To  meet  this  difficulty,  the  matter  might  best  be  taken  up  from 
the  other  side.  Given  the  total  carbon  which  the  steel  contains  (of 
which,  of  course,  none  is  graphitic),  and  assuming  the  steel  to  be 
reasonably  low  in  all  other  elements  ;  given  also  the  mechanical 
tests;  calculate  from  this  the  amount  of  strength  which  the  steel  has 
relatively  to  the  carbon  it  contains;  and  take  the  result  to  indicate 
how  far  the  strength  has  been  developed  in  manufacture  from  the 
grade  of  steel  in  question.  Thus  with  two  steels  of  the  same  tenor 
in  carbon,  the  one  which  has  the  greatest  strength  is  the  best-worked  ; 
and  this  method  would  show  how  far  the  process  of  manufacture  has 
really  developed  the  best  qualities  possible  from  a  given  grade  of 
material. 

It  is  necessary,  however,  to  define  what  we  mean  by  the  "strength" 
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of  the  steel ;  and  here  again  we  are  usually  at  fault  on  the  mechan- 
ical side.  The  stress  per  square  inch  at  which  the  material  breaks, 
or  its  breaking-strength,  is  not  a  true  measure  of  its  real  strength  for 
practical  purposes,  except,  perhaps,  in  the  case  of  steel  for  structures. 
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Comparison  of  deflection  under  drop-test  with  percentage  of  carbon  in  72-pound 
rails.  (Rail  4}f  inches  high,  4j  inch  base;  moment  of  inertia,  23.53.  Drop-test, 
2240  pounds,  falling  9  feet  on  head  of  rail  set  on  bearings  3  feet  apart.)  The  right- 
hand  column  of  "No.  of  tests  "  (in  italic  figures)  refers  to  the  left-hand  curve  of  the 
diagram.     The  two  curves  represent  rails  manufactured  by  two  different  makers. 


But  in  the  case  of  rails,  tires,  and  axles,  they  have  to  stand  severe 
usage  from  rolling  and  impact,  and  from  stresses  applied  or  reversed 
with  great  suddenness.  It  is  also  easy  in  the  grades  of  steel  used  for 
these  purposes,  by  means  of  suitable  tempering,  to  increase  the  break- 
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ing-strength  in  a  high  degree,  even  to  the  verge  of  brittleness,  pro- 
vided the  amount  of  elongation  is  sacrificed  to  a  corresponding 
extent.  , 

It  is  clear  therefore  that,  in  these  cases,  the  idea  of  strength  in- 
cludes toughness,  and  that  it  must  be  expressed  in  some  way  that 
will  combine  both  breaking-strength  and  elongation. 
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Comparison  of  deflection  under  drop-test  with  percentage  of  carbon  in  72-pound 
rails.  (Kail  \\\  inches  high,  \\  inch  base ;  moment  of  inertia,  23.53.  Drop-test, 
2240  pounds,  falling  12  feet  upon  head  of  rail  set  on  bearings  3  feet  apart.) 


This  principle  is  admitted  in  some  recent  specifications  and  rules 
on  railways.  For  example,  in  the  United  States  Navy  the  steel  for 
armor-plate  is  accepted  on  a  sliding  scale  of  breaking-strength  and 
elongation,  which  are  allowed  to  vary  in  contrary  directions  within 
certain  limits.     Also,  an  arbitrary  rule  is  in   use  in  Germany  for 
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steel  rails,  by  which  the  breaking-strength  and  the  reduction  in  area, 
expressed  in  metric  units,  must  make  up  a  certain  total  when  added 
together.  The  requirement  in  both  these  instances  is,  substantially, 
that  the  elongation  must  be  greater  as  the  breaking-strength  de- 
creases in  order  that  the  one  may  make  up  for  the  other. 

This  shows,  when  viewed  in  a  mathematical  light,  that  the  true 
measure  of  strength  will  be  obtained  by  expressing  it  in  terms  of 
the  "  work  done"  in  causing  rupture  of  the  material.  We  may  thus 
define  strong  material  to  be  that  which  combines  the  greatest  break- 
ing-strength with  the  greatest  elongation,  expressed  presumably  as  a 
product,  and  within  reasonable  limits;  and  assuming  further  that 
the  elastic  limit  bears  a  satisfactory  ratio  to  the  breaking  strength,  as 
it  almost  invariably  does  in  reasonably  good  steel.  The  strength  so 
measured  will  indicate  both  resistance  and  toughness  in  the  material, 
and  will  exclude  weakness  and  brittleness.  This  method  of  express- 
ing the  strength  also  permits  a  measure  for  it  to  be  obtained  by  means 
of  the  drop-test,  as  well  as  from  the  results  of  a  tensile  lest;  be- 
cause in  the  drop-test  also  the  amount  of  work  done  in  breaking 
the  piece  is  readily  computed,  and  can  be  brought  into  relation  to  the 
deflection.  This  is  illustrated  in  Figs.  J  and  2.  It  will  be  noticed 
that  in  Fig.  1  the  drop  is  9  feet;  in  Fig.  2  it  is  12  feet. 

To  sum  up  for  the  purpose  of  discussion,  I  may  conclude  with  the 
following  statements: 

1.  The  attempt  to  determine  the  physical  properties  of  steel  which 
correspond  with  a  given  tenor  of  carbon  is  based  upon  an  incor- 
rect assumption,  because  it  is  now  known  that  these  properties 
depend  much  more  upon  the  state  of  the  carbon  than  on  its  total 
amount. 

2.  The  correct  method  is  to  grade  the  steels  according  to  their 
carbon,  and  to  determine  in  the  steels  of  each  grade  the  amount  of 
strength,  measured  as  here  indicated,  which  has  been  developed  by 
its  treatment  in  manufacture.  The  special  points  in  the  treatment 
which  will  influence  its  strength  are  the  lowness  of  the  temperature 
down  to  which  it  has  been  worked,  and  the  final  rate  of  cooling  ;  as 
these  are  the  chief  factors  which  modify  the  state  of  the  carbon  for 
each  grade  of  steel. 

By  this  method  the  comparative  value  of  different  ways  of  treat- 
ing the  material  could  be  investigated. 

President  H.  M.  Howe,  Boston,  Mass. :  I  take  this  occasion  to 
offer  some  further  comments  upon  the  papers  concerning  the  physics 
of  steel,  read  at  the  Chicago  meeting. 
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Micro-Structure. — On  the  micro-structure  of  steel  we  have  three 
important  papers.  First,  an  admirably  lucid  exposition,  by  M. 
Osmond,  of  the  condition  of  our  knowledge,  with  the  most  instruc- 
tive grouping  of  photographs  which  I  have  yet  seen.  His  statements 
seem  accurate  and  just  in  general,  but  his  declaration  under  the  head 
of  "C.  Relations  between  the  Structure  and  the  Composition  of  Steels" 
(Trans.,  xxii.,  253),  that  steels  of  different  hardness  and  in  different 
slates  differ  only  in  the  proportion  and  distribution  of  the  three  ap- 
parent chief  mineralogical  constituents,  ferrite,  pearlyte,  and  cemen- 
tite,  while  probably  near  the  truth,  bears,  I  think,  a  more  positive 
form  than  our  present  knowledge  justifies,  and  one  that  is,  perhaps, 
unintentionally  positive. 

Under  "  b.  Influence  of  Time "  (p.  256;,  M.  Osmond  says  that 
rapid  cooling  yields  a  finer  grain  than  slow  cooling.  This  of  course 
is  meant  to  apply  to  the  grain  as  revealed  by  polished  sections.  But 
previous  observations  seem  to  show  that  the  grain  of  the  fracture  is 
about  as  large  in  suddenly-cooled  as  in  slowly-cooled  steel.  In  other 
words,  heating,  under  usual  conditions,  seems  to  afford  time  enough 
for  the  grain  of  the  steel  to  grow  nearly  or  quite  to  the  maximum 
size  corresponding  to  the  temperature  reached,  so  that  the  rate  of 
cooling,  though  it  affects  the  texture  of  the  grain,  does  not  seem  to 
affect  materially  its  size  (unless,  indeed,  the  grain  be  broken  up  by 
forging  just  before  the  cooling  begins,  in  which  case  slow  cooling 
affords  time  for  the  grain  to  grow  again).  M.  Osmond's  assertion 
thus  seems  to  imply  a  marked  difference  between  the  effect  of  rapid 
cooling  on  the  grain  as  shown  by  fracture,  and  on  the  grain  as  shown 
by  polished  sections.  In  view  of  this,  we  wish  that  his  photographs 
of  hardened  (suddenly-cooled)  steel  told  from  what  temperature  the 
sudden  cooling  occurred,  so  that,  by  comparing  their  grain  with  that 
of  pieces  cooled  slowly  from  the  same  temperature,  we  could  directly 
verify  his  assertion. 

As  different  as  possible  from  M.  Osmond's  paper,  which  interprets 
and  explains,  is  that  of  Prof.  Martens  (Trans.,  xxiii.,  37),  which  pre- 
sents a  veritable  mine  of  direct,  minute  and  careful  observations, 
purposely  and  perhaps  needlessly  refraining  from  co-ordination  and 
inference.  We  cannot  praise  too  warmly  the  conscientious  care  to 
which  this  paper  testifies,  nor  thank  him  too  heartily  for  the  valuable 
information  which  he  lays  before  us. 

Prof.  Martens  criticizes,  and  perhaps  with  some  justice,  the  theo- 
rizing in  which  some  have  indulged  concerning  the  nature  and  func- 
tions of  the  components  of  steel.     To  attempt  to  replace  established 


768  THE    PHYSICS   OF   STEEL. 

theories  by  means  of  others  which  explain  no  new  facts  is  a  grave 
error.  To  assert  that  a  theory  is  proved  when  it  remains  a  mere 
conjecture  is  a  sin — would  it  were  a  crime.  But  these  are  abuses  of 
theory;  and  one  need  not  dwell  long  on  this  earth  before  discovering 
that  liability  to  abuse  is  no  warrant  for  neglect.  Which  of  the  good 
and  useful  things  of  this  world  is  not  abused? 

A  first  and  even  a  second  reading  of  Prof.  Martens's  paper,  and 
especially  of  the  paragraph  beginning  in  the  middle  of  p.  58,  pro- 
duce the  impression  that  he  has  erred  in  the  direction  of  neglecting 
theory,  or  rather  the  co-ordination  and  grouping  of  results,  and  one 
even  fears  that  he  intends  postponing  the  explanation  of  what  he 
sees  till  he  can  invariably  recognize  each  component  unerringly. 
Now,  if  we  may  judge  by  other  branches  of  science,  this  simply 
means  never. 

A  theory  which  groups  the  facts  together  so  that  the  mind  can 
grasp  them,  and  can  convey  its  thoughts  about  them  to  other  minds, 
even  if  it  be  known  to  be  untrue,  is  better  than  none.  If  we  wait 
till  we  get  a  perfect  comprehension  of  the  nature  of  anything  before 
enunciating  a  theory,  we  shall  never  enunciate  one ;  for  of  the  inmost 
nature,  even  of  the  simplest  things,  we  are  ignorant. 

The  project  set  forth  in  Mr.  Sauveur's  paper  (Trans.,  xxii.,  546), 
of  determining  the  relation  between  the  average  size  of  the  grains  of 
steel,  as  measured  by  a  planimeter,  on  the  one  hand,  with  the  physi- 
cal properties  of  the  metal,  and  with  the  heat-treatment  which  it  has 
undergone  on  the  other  hand,  is  full  of  promise  and  interest.  His 
propositions  seem,  in  general,  to  accord  with  experience;  using  them 
as  first  approximations,  may  we  not  still  further  sharpen  our  defini- 
tion? For  instance,  taking  his  first  proposition,  that  undisturbed 
slow  cooling  from  a  certain  high  temperature  enlarges  the  grain,  is 
it  slow  cooling  as  such,  or  the  exposure  to  a  high  temperature  as 
such,  that  enlarges  the  grain  ?  If,  as  I  believe,  it  is  the  latter,  then 
we  have  a  much  wider  proposition,  one  to  which  his  proposition 
would  stand  as  a  corollary. 

Taking  next  his  third  proposition,  that  the  temperature  x  is 
lowered  by  the  presence  of  carbon  and  phosphorus,  does  the  evidence 
really  support  it?  We  find  that  the  size  of  the  grain  increases  with 
the  proportion  of  carbon  and  phosphorus.  Does  this  prove  that  the 
grain  of  the  phosphoric  steel  continues  growing  after  the  tempera- 
ture has  fallen  below  the  point  at  which  the  grain  of  non-phosphoric 
steel  ceases  growing?  Is  not  the  larger  grain  of  the  phosphoric 
steel  due  rather  to  more  rapid  and  larger  growth  in  the  summer  of 
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high   temperature,   than   to   further  prolongation    of  the  period   of 
growth  into  the  late  autumn  of  the  cooling? 

Again,  is  not  his  Proposition  V.,  that,  "The  slower  the  cooling 
the  larger  the  grain,"  true  only  within  narrow  limits?  Is  it  not  a 
corollary  to  the  more  general  proposition  that,  at  any  high  temper- 
ature the  grain  reaches  the  size  corresponding  to  that  temperature, 
not  instantaneously,  but  by  a  gradual  and  continuously  retarded 
growth  ? 

We  must  admire  the  instructive  way  in  which  the  photographs 
which  compose  Plate  IV.  are  groupel,  so  as  to  show  the  influ- 
ence of  finishing-temperature  on  the  grain.  Yet,  if  the  positions 
from  which  sections  3  and  5  were  taken  are  accurately  shown,  is  it 
not  surprising  that  their  grain  is  so  much  finer  than  that  of  sections 
7,  9,  12,  and  14? 

Mr.  Sauveur's  Fig.  3  indicates  that,  as  the  size  of  the  grain  in- 
creases, the  tenacity  at  first  decreases  slightly,  and  then  seems  to 
increase  greatly.  Though,  as  he  justly  intimates,  no  strong  conclu- 
sion can  be  drawn  from  so  scanty  data,  it  is  interesting  that  this 
apparently  unexpected  result  harmonizes  with  one  of  mine  which 
was  certainly  unexpected.  In  Table  18  of  my  paper  on  the  heat- 
treatment  of  steel,*  soft  tool-steel  has  greater  tenacity  when  heated 
to  851°  C,  and  thence  cooled  slowly,  than  when  cooled  slowly  after 
heating  to  725°  C,  though  in  the  former  case  its  grain  should  be 
much  greater  than  in  the  latter. 

Perhaps  Mr.  Sauveur  misunderstands  my  reference  to  his  sup- 
posed "  tacit  assumption."  In  giving  my  conjecture  as  to  his  atti- 
tude, and  in  using  it  as  a  peg  to  hang  a  plea  on,  I  aimed  not  at  all 
to  criticize  but  rather  to  justify  his  remarks.  He  indeed  asserts  that 
the  elongation  and  the  reduction  of  area  are  inversely  as  the  size  of 
the  grain,  and  he  gives  valuable  evidence  in  support  of  this  assertion. 
These  properties,  however,  are  but  one  component  of  merit;  tenacity 
and  elastic  limit  are  for  many  purposes  far  more  important.  Now,  the 
tacit  assumption  which  I  thought  underlay  his  remarks,  and  which 
I  expressly  approved,  was  that  the  general  merit  and  value  of  the 
metal  are  inversely  as  the  size  of  the  grain.  My  exact  words  were 
"the  finer  the  grain  the  better  the  quality." 

I  do  not  see  that  he  asserts  explicitly  anywhere  that  this  is  true, 
much  less  that  he  has  proved  it.  I  understand  that  he,  tacitly  and 
justifiably,  assumes  it  for  purposes  of  argument  and  otherwise,  as  all 
the  rest  of  us  have  done.     His  paper  contains  valuable  steps  towards 

*  Trana.,  xxiii.,  527. 
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changing  this  assumption  to  a  demonstration.  My  plea  was  for 
more  such  steps.  Many  remain  to  be  taken  ;  and  I  look  to  Mr. 
Sauveur  as  one  of  the  men  with  the  best  opportunities  for  taking 
them.  Till  they  are  taken,  and  wherever  an  assumption  is  required, 
I  for  one  shall  go  on  assuming,  tacitly  or  explicitly  as  may  seem 
appropriate,  that  general  merit  is  inversely  as  the  size  of  the  grain  ; 
and  I  hope  and  believe  that  Mr.  Sauveur  and  all  other  intelligent 
men  will  do  the  same. 

Segregation. — There  is  a  tacit  assumption  in  M.  Pourcel's  paper 
[Trans.,  xxii.,  105),  that  rapid  cooling  restrains  segregation.  Is  this 
true?  On  first  considering  the  subject,  one  naturally  thinks  so;  but, 
on  reflection,  the  reasons  for  this  opinion  are  not  strong  enough  to 
permit  us  to  hold  it  confidently  on  purely  a  priori  grounds,  and 
without  direct  evidence.  What  does  direct  evidence  show?  Can 
any  one  inform  us  on  this  very  important  question? 

Segregation,  indeed,  is  especially  marked  in  large  ingots,  and  large 
ingots  cool  slowly.  But  does  this  mean  that  the  slow  cooling  favors 
segregation,  so  that,  of  two  like  ingots,  the  slower  cooled  will  suffer 
the  greater  segregation  ;  or  does  it  simply  mean  that  segregation  is 
more  noticeable  in  the  larger  ingot,  because  the  segregated  mass  is 
proportionally  larger  ? 

R.  W.  Raymond,  New  York  City:  Mr.  Howe  has  asked  for 
direct  evidence  as  to  the  relation  of  slow  or  rapid  cooling  to  segre- 
gation. Does  not  our  blast-furnace  process  furnish  such  evidence, 
with  regard  to  the  segregation  of  carbon  in  graphitic  form  ?  It  is 
a  familiar  fact  to  all  furnace-men  that  the  segregation  of  graphite  is 
favored  by  slow  cooling. 

Peesidext  Howe  :  As  Dr.  Raymond  points  out,  if  we  cool  cast- 
iron  suddenly,  we  restrain  the  separation  of  graphite;  but,  is  this 
case  parallel  with  that  of  the  segregation  which  occurs  in  steel  ingots  ? 
When  siliciferous  oast-iron  cools  slowly,  graphite  indeed  separates 
out,  but  it  remains  relatively  uniformly  distributed  through  the 
mass.  The  segregation  which  we  dread  in  steel  ingots,  however, 
consists  not  in  a  uniform  distribution  of  the  segregated  elements, 
but  in  their  concentration  into  the  last-freezing  part  of  the  ingot. 
In  cast-iron,  the  graphite  is  probably  the  first-freezing  substance, 
and  the  metallic  portion  is  the  real  segregation  in  one  sense.  May 
not  the  same  be  said  of  the  splitting  up  of  copper-alloys? 

These  cases,  as  well  as  the  crystallization  of  aqueous  solutions, 
certainly  suggest  very  strongly  that  slow  cooling  should  favor  se- 
gregation ;  indeed,  both  such  a  priori  reasoning  as  I  have  followed, 
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and  such  evidence  as  I  have  seen,  suggest  this  strongly.  Yet  I  am 
forced  to  admit  to  myself  that  both  reasoning  and  evidence  are  far 
from  conclusive,  when  one  friend,  with  excellent  opportunities  for 
observation,  insists  that  slow  cooling  actually  does  oppose  segrega- 
tion in  steel  ingots,  and  when  another  very  learned  one  shows  by  a 
mathematical  process,  which  evidently  satisfied  him,  though  not  me, 
that  slow  cooling  ought  to  oppose  segregation.  Therefore  I  seek 
direct  and  unequivocal  evidence. 

Next,  we  naturally  assume  that  we  ought  to  restrain  segregation ; 
and  so  we  should,  provided  that  we  cannot  separate  the  part  of  the 
ingot  which  contains  the  segregation.  But,  suppose  that  we  can  get 
the  segregation  into  a  part  of  the  ingot  which  we  can  throw  away, 
or  use  for  some  purpose  for  which  the  segregation  does  not  unfit 
it,  then,  should  we  not  rather  try  to  favor  segregation  ?  For  the 
objectionable  elements,  phosphorus  and  sulphur,  seem  to  segregate 
most ;  segregation,  then,  is  a  purifying  or  improving  operation,  con- 
centrating part  of  these  objectionable  elements  into  a  part  of  the 
ingot  which  can  be  cut  off. 

Now  the  segregation  will  be  found  in  the  last-freezing  part  of  the 
ingot,  and  this  part  will  be  the  nearer  the  top  of  the  ingot,  the  more 
slowly  the  ingot  cools.  Hence  is  it  not  in  many  cases  well  to  meet 
the  problem  of  segregation  by  making  large  and  hence  slow-cooling 
ingots;  by  allowing  them  to  cool  extremely  slowly  and  on  end,  for 
instance  by  setting  them  in  soaking-pits  as  soon  after  casting  as  pos- 
sible, and  thereby  raising  the  segregation  as  near  to  the  top  of  the 
ingot  as  we  can  :  and  finally  by  shearing  off  enough  of  this  top  to 
remove  the  segregated  mass? 

In  order  to  answer  this  question  we  must  know  how  near  to  the 
top  of  the  ingot  it  is  practicable  thus  to  raise  the  segregation.  The 
expediency  of  this  course  must  still  be  determined  for  each  special 
set  of  conditions. 

A.  E.  Hunt,  Pittsburgh,  Pa. :  At  the  suggestion  of  our  Presi- 
dent, I  call  attention  to  the  fact  that  aluminum  has  been  found, 
when  added  in  proportion  of  less  than  1  per  cent.,  to  prevent  mate- 
rially the  segregation  of  phosphorus  in  large  ingots.  The  usual 
proportion  of  aluminum  added  for  this  purpose  is  only  from  one- 
fourth  to  one-half  pound  to  the  ton  of  steel. 

My  own  suggestion  as  to  the  reason  for  this  action  is,  that  the 
aluminum  causes  the  molten  steel  to  solidify  much  more  evenly. 
Steel  with  aluminum  added  to  it  does  not  "chill"  at  the  surfaces  of 
the  mould  and  "freeze"  towards  the  center,  leaving,  for  a  consider- 
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able  period,  a  mass  of  molten  "  mother-liquor,"  as  it  were,  in  the 
center  of  the  ingot,  as  does  ordinary  metal.  Steel  with  aluminum 
added  to  it,  when  the  temperature  is  lowered  to  the  solidifying-point, 
seems  to  "  freeze"  altogether;  and  the  needles  of  solidifying  metal 
can  be  seen  to  dart  across  the  whole  surface  of  the  top  of  an  ingot, 
and  the  metal  at  the  top  of  the  surface  of  the  ingot  to  become  solid 
almost  instantaneously,  when  the  "  freezing  "  operation  once  com- 
mences, although  the  metal,  as  a  whole,  seems  to  remain  molten  a 
longer  time  with  aluminum  added  than  metal  similarly  treated  with- 
out the  addition  of  aluminum.  Segregation  is  in  this  way  restrained 
by  preventing  the  mass  of  metal  in  the  interior  of  the  ingot  from 
remaining  molten  for  a  much  longer  time  than  that  on  the  surface 
— which  has  been  considered  the  physical  reason  for  segregation. 

President  Howe  :  Mr.  Hunt's  observation  that  aluminum  re- 
strains segregation  is  interesting  and  important.  Let  us  hope  that 
he  will  give  us  the  quantitative  results  of  some  direct  experiments  on 
this  point. 

The  explanation  which  he  puts  forth  could  readily  be  tested.  Let 
us  prepare  two  like  ingots;  let  the  final  additions  to  one  contain 
aluminum  ;  let  those  made  to  the  other  contain  none.  A  few  seconds 
after  solidification  has  set  in,  let  each  be  emptied.  If  Mr.  Hunt's 
explanation  be  true,  the  ingot  which  has  received  aluminum  should 
have  much  thicker  walls  than  the  other. 

But,  even  if  this  explanation  be  true,  there  will  be  some  difficulty 
in  comprehending  it.  In  order  that  a  body  like  a  steel  ingot  shall 
freeze  across  suddenly,  i.e.,  in  order  that  its  interior  shall  freeze  at 
the  same  time  as  its  exterior,  it  is  necessary  that  interior  and  exterior 
shall  reach  the  freezing-point  simultaneously,  and  hence  that  the 
temperature  of  the  mass  shall  be  uniform  at  this  time.  The  escape 
of  heat,  which  permits  the  mass  to  cool  towards  its  freezing-point, 
occurs  only  through  the  exterior,  which,  in  order  to  conduct  heat 
away  from  the  interior,  must  be  cooler;  and  the  temperature  cannot 
be  uniform  throughout  the  mass,  unless  rapid  circulation  counteracts 
this  effect  which  conduction  has,  of  cooling  the  outside  faster  than 
the  inside.  Uniform  temperature,  therefore,  implies  rapid  circula- 
tion. Now,  there  is  a  considerable  range  of  temperature  between 
the  point  at  which  molten  iron,  as  it  cools,  begins  to  grow  viscid, 
and  that  at  which  it  becomes  completely  solid.  To  this  it  owes  its 
ease  of  welding.  As  it  cools  through  this  range,  circulation  becomes 
more  and  more  difficult  and  slow.  We  should  expect  it  to  become 
so  slow  that  the  complete  solidification  of  the  outside  would  occur 
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some  considerable  time  before  that  of  the  center.  But,  during  all 
this  interval  between  the  time  when  the  metal  becomes  viscid  enough 
to  impede  circulation,  and  thus  to  make  the  cooling  of  the  inside  drag 
behind  that  of  the  outside,  and  the  time  when  the  metal  becomes  truly 
solid,  segregation  may  go  on.  The  metal  is  too  viscid  to  be  of  con- 
stant temperature,  and  yet  mobile  enough  to  permit  segregation. 

If  aluminum  is  to  change  this  state  of  affairs,  so  as  to  permit 
freezing  to  occur  simultaneously  throughout  the  mass,  it  seems  that 
it  can  do  so  only  by  causing  the  metal  to  pass  suddenly  from  a  highly 
liquid  to  a  completely  solid  state,  as  water  does,  and  by  thus  elimi- 
nating the  long  range  of  increasing  viscosity  and  plasticity  through 
which  iron  passes.  But  is  this  probable?  Does  steel,  to  which 
aluminum  has  been  added,  show,  in  forging  or  welding,  any  token 
of  such  an  abrupt  change?  Has  it  not  the  same  ease  of  welding, 
the  high  degree  of  plasticity,  shading  off  gradually  into  viscosity 
and  incipient  liquidity,  that  we  find  in  otherwise  similar  steel  which 
has  not  received  aluminum? 

The  fact  that  the  upper  surface  of  an  ingot  may  freeze  across  sud- 
denly, as  great  needles  shoot  across  it,  should  not  mislead  us  here. 
The  whole  of  the  upper  surface  may  be  at  the  same  temperature,  and 
hence  freezing  may  occur  across  it  suddenly,  just  as  it  may  occur 
suddenly  along  the  whole  of  one  side  exposed  to  the  mould.  But 
this  is  no  indication  that  it  thus  occurs  suddenly  across  the  interior 
of  the  ingot. 

Henry  D.  Hibbard,  High  Bridge,  N.  J. :  A  few  practical  ob- 
servations may'be  appropriate. 

Bloio-Holes. — In  the  manufacture  of  soft  steel  ingots,  say  with 
less  than  0.30  per  cent,  of  carbon,  there  are  two  methods  which  may 
be  followed  relating  to  treatment  of  the  gases,  and  thereby  of  blow- 
holes in  the  steel. 

The  first  is  the  plan  usually  followed  in  the  manufacture  of  ingots 
for  boiler-plates,  wire,  and  similar  purposes,  which  we  may  call  the 
evolution  method,  inasmuch  as  the  gases  are  not  kept  in  solution 
during  teeming,  but  their  free  escape  or  evolution  is  encouraged  at 
that  time,  giving  the  well-known  scintillating  effect  in  the  moulds. 
This  effect  is  due  to  the  escape  of  myriads  of  bubbles  of  gas,  which 
throw  up  a  shower  of  small  scintillating  sparks.  When  this  is 
properly  done,  the  ingo!  will  have  a  solid  outer  layer  from  1  to  2 
inches  thick;  then  a  zone  containing  numerous  gas-bubbles  with 
bright  surfaces;  and,  inside  of  that,  a  pretty  solid  center.  Such  steel 
may  be  called  incipient  rising-steel,  as  it  will  rise  a  little  if  allowed 
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to  do  so  just  before  final  solidification,  because  the  metal  last  to 
solidify  is  too  pasty  for  the  free  evolution  of  gas.  Ingots  made 
by  this  method  will  be  free  from  pipes. 

The  holes  above  mentioned  stick  together  pretty  well  in  rolling, 
and  cannot  be  found  in  the  finished  piece;  that  is,  unless  one  knows 
where  and  how  to  look  for  them. 

The  position  of  the  zone  of  blow-holes  is  primarily  dependent  on 
the  casting-temperature.  The  higher  this  temperature,  the  nearer 
to  the  surface  will  be  the  zone.  When  the  heat  is  too  high,  the 
holes  are  so  close  to  the  surface  that  only  a  thin  skin  of  steel 
covers  them,  and  the  broken  ingot  shows  a  structure  an  inch  or 
more  deep  around  the  outside,  closely  resembling  honey-combs,  giv- 
ing the  well-known  pitted  steel  with  which  steel-melters  are  but  too 
familiar. 

The  second  plan,  almost  universally  followed  in  the  production  of 
high-carbon  steel  ingots,  and  to  some  extent  of  soft  steel  ingots  as 
well,  we  may  call  the  solution  method.  By  the  addition  to  the  melted 
steel,  shortly  before  casting,  of  metals  having  great  solvent  power 
on  the  gases,  the  latter  are  kept  in  solution,  and  the  resulting  ingot  is 
practically  free  from  blow-holes,  but  will  have  a  pronounced  pipe, 
unless  some  mechanical  means  are  employed  to  prevent  it.  In  the 
crucible-process,  the  solvent  added  is  silicon,  which  is  reduced  from 
the  slag  and  from  the  material  composing  the  pot.  In  the  other  pro- 
cesses the  additions  are  made  from  outside  sources. 

In  the  Swedish  exhibit  at  the  World's  Columbian  Exposition, 
there  were  ingots  for  the  manufacture  of  plates,  ranging  from  0.15 
to  0.50  per  cent,  of  carbon,  made  by  the  solution  method,  the  solvent 
being  evidently  aluminum.  They  were  absolutely  free  from  blow- 
holes and  made  a  very  fine  showing. 

Pipes. — For  many  purposes,  where  the  very  highest  grade  of 
product  is  not  needed,  incipient  rising-steel  is  commercially  better 
than  strictly  piping-steel.  In  the  former  the  pipe  is  prevented  or 
displaced  by  the  few  blow-holes  in  the  ingot,  and  the  expensive 
necessity  of  scrapping  a  quarter  or  perhaps  a  third  of  the  ingot  is 
thereby  obviated.  The  few  blow-holes  themselves,  being  scattered 
and  having  bright  surfaces,  stick  together  to  some  extent  in  the 
rolling  and  hammering  processes,  as  stated  above.  They  do  no 
appreciable  harm,  and  are  seldom,  if  ever,  heard  from. 

On  the  other  hand,  split  rods  and  wires  and  split  ends  of  boiler- 
plates not  infrequently  result  from  the  use  of  top-ends  of  piped 
ingots.     The  temptation  to  use  as  much  of  the   ingot  as  possible 
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occasionally  causes  the  line  between  sound  and  unsound  steel  to  be 
overstepped. 

Casting- Temperature. — The  influence  of  casting-temperature  upon 
steel  is  manifold. 

As  remarked  above,  it  vitally  affects  the  position  of  the  zone  of 
blow-holes  in  soft  steel  made  by  the  evolution  method. 

It  influences  greatly  the  amount  of  segregation  in  ingots.  The 
higher  the  casting-temperature  the  more  segregation. 

The  rate  of  solidification  of  a  steel  ingot  is  influenced  chiefly  by 
the  casting-temperature,  and  has,  as  noted  by  Mr.  H.  H.  Campbell, 
a  great  influence  on  the  molecular  structure  or  crystallization  of  the 
outer  layer  of  the  ingot,  which  has  a  direct  bearing  on  its  behavior 
when  worked  by  rolls  or  hammer.  If  an  ingot  which  has  been 
made  by  the  solution  method,  and  cast  hot,  be  broken  across,  a  sort 
of  columnar  structure,  or  arrangement  in  lines  or  planes  normal  to 
the  cooling-surface,  is  seen  on  the  fractured  surface,  and  the  hotter 
the  steel  the  farther  into  the  ingot  this  structure  extends.  Probably, 
the  metal  is  weakened  along  these  planes,  and  liable  to  draw  apart, 
at  some  of  them,  in  the  rolls.  Annealing  the  ingot  breaks  up  this 
formation. 

The  effect,  if  there  be  any,  of  high  casting-temperature  on  the 
chemical  composition  is  obscure.  Possibly,  at  high  steel-tempera- 
tures the  affinity  of  manganese  for  oxygen  is  so  much  weakened  that 
the  deoxidation  of  the  metal  is  incomplete,  and  the  red-shortness  of 
the  steel  cast  too  hot  may  then  be  due,  partly  to  oxide  of  iron  and 
oxide  of  silicon  in  the  steel,  partly  to  blow-holes  too  near  the  sur- 
face, and   partly  to  the  molecular  structure. 

Segregation. — Mr.  Williaui  Metcalf  announced,  in  1881,  at  the 
Philadelphia  meeting  of  the  Institute  (Trans.,  ix.,  385),  the  discovery 
that,  with  the  exception  of  carbon,  all  desirable  ingredients  of  steel 
are  paramagnetic,  while  all  undesirable  ones,  except  oxygen,  are 
diamagnetic.  Carbon  alone,  of  the  desirable  elements,  is  diamag- 
netic.  The  behavior  of  the  ingredients  of  steel,  with  respect  to 
segregation,  seems  to  present  a  parallel  case.  As  far  as  the  analyses 
given  in  connection  with  the  papers  under  discussion  go,  they  show 
that  the  desirable  elements  in  steel,  with  the  exception  of  carbon, 
do  not  segregate  strongly,  while  the  undesirable  ones  do.  It  would 
be  very  interesting  to  have  information  on  the  segregating  action  of 
any  or  all  of  the  long  list  of  less  common  ingredients  of  steel,  or 
rather,  one  should  say,  the  less  commonly  determined  ingredients  of 
steel,  for  some  (copper  and  oxygen,  for  instance)  are  almost  always,  if 
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not  always,  present.  It  is  to  be  hoped,  that  some  of  the  investiga- 
tors of  the  Institute  will  find  opportunity  to  follow  up  the  trail  of 
some  of  these  elements,  in  this  regard,  while  the  scent  is  still  warm. 
To  guard  against  segregation  in  ingots,  the  following  precautions 
may  be  observed  : 

1.  Cast  ingots  of  the  smallest  practicable  size. 

2.  Cast  ingots  of  as  cold  steel  as  practicable. 

3.  Cast  ingots  as  slowly  as  practicable. 

4.  If  the  ingots  must  be  large,  and  segregation  is  very  objection- 
able, then,  purer  stock  than  is  otherwise  needed  must  be  used,  or 
allowance  made  to  cut  off  from  the  top  or  out  of  the  center,  or  both, 
enough  steel  to  remove  the  parts  containing  the  worst  segregation. 

5.  The  method  mentioned  above,  of  making  what  I  have  called  in- 
cipient rising-steel,  must,  it  would  seem,  give  ingots  free  from  segre- 
gation. The  steel  in  the  mould  is  constantly  in  motion  until  the 
moment  of  solidification,  and  the  impurities  have  no  opportunity  to 
collect  anywhere.  This  method  being  applicable  to  soft  steel  only, 
however,  will  give  no  assistance  in  overcoming  segregation  in  large 
high-quality  hard-steel  ingots. 

James  E.  Howard,  Watertown,  Mass.  (communication  to  the 
President):  My  purpose  in  submitting  the  following  observations 
concerning  tests  of  steel  under  repeated  stresses  made  at  the  Water- 
town  Arsenal  is  to  invite  criticism  and  discussion  of  the  methods 
pursued  and  proposed  in  these  investigations.  In  general  terms, 
what  is  attempted  consists  in  studying  the  physical  properties  of  the 
metal  in  its  original  state  and  the  changes  they  may  undergo  from 
time  to  time  after  the  metal  has  been  overstrained,  and  in  striving 
to  determine,  when  decided  change  of  any  property  has  been  recog- 
nized, whether  that  change  is  permanent  in  character,  or,  on  the 
other  hand,  a  restoration  of  the  original  quality  may  be  effected.  In 
short,  we  are  endeavoring  to  locate  definitely  the  dividing-line  be- 
tween safe  and  unsafe  treatment  or  use  of  material. 

A  series  of  experiments  on  repeated  stresses  by  transverse  loads  on 
rotating  shafts  was  begun  at  the  Watertown  Arsenal  in  1888,  and 
has  continued  since  that  time,  the  tests  still  being  in  progress. 

Shafts  1  inch  in  diameter  are  employed,  supported  at  the  ends,  33 
inches  apart,  and  exposed  to  a  load  either  on  one  central  bearing  or 
on  two  bearings  4  inches  apart.  The  latter  method  of  loading  is 
used  to  obtain  a  section  at  the  middle  of  the  length  of  the  shaft,  uni- 
formly loaded,  of  sufficient  length  for  subsequent  examination  by 
direct  tensile  test. 
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The  material  experimented  upon  has  been  steel  ranging  in  carbon 
from  0.15  to  1.10  per  cent,  comprising  hot-rolled  metal,  also  cold- 
rolled  steel,  wrought-iron  and  cast-iron. 

The  speed  of  rotation  has  generally  been  maintained  at  400  per 
minute,  with  some  tests  at  higher  speeds;  2200  per  minute  having 
been  the  maximum  thus  far  reached.  It  is  intended,  however,  to 
experiment  with  speeds  up  to  22,000  per  minute,  or  higher,  if  found 
practicable. 

It  is  not  so  much  the  purpose  of  this  note  to  state  specific  results 
as  it  is  to  invite  attention  to  the  manner  of  carrying  on  the  investi- 
gation. Indeed,  any  attempt  to  draw  extended  deductions  would  be 
at  this  time  premature. 

The  total  number  of  rotations  or  repetitions  of  stresses  which  the 
shafts  will  endure  under  different  fiber-stresses  before  rupture  is  in 
most  cases  determined  ;  but  an  earnest  effort  is  being  made  to  ascer- 
tain what  phases  the  material  passes  through,  prior  to  complete  rup- 
ture. 

It  is  desired  to  ascertain  in  what  deterioration  consists,  as  illustrated 
in  the  physical  properties,  and  whether  the  progress  of  deterioration 
may  be  arrested  and  a  restoration  effected,  and  by  what  means — de- 
fining at  what  stages,  if  any,  such  restoration  is  possible. 

We  have  found  that  a  load  of  one-half  the  tensile  elastic  limit  and 
less  than  one-third  its  tensile  strength  will  in  a  comparatively  short 
time,  by  means  of  repeated  stresses,  rupture  one  of  these  rotating 
shafts. 

The  usual  effect  of  cold-working,  such  as  cold-rolling  and  wire- 
drawing, is  an  elevation  in  tensile  strength  ;  and,  while  there  is  dis- 
similarity of  treatment  in  these  cases,  the  results  raise  the  query 
whether  metals  of  the  classes  experimented  upon  do  not  have  a  ten- 
dency to  pass  through  a  state  of  maximum  cohesive  resistance,  and 
whether  final  rupture  occurs  under  real  or  apparently  diminished 
stresses. 

Being  familiar  with  the  fact  that  certain  kinds  of  cold-working 
introduce  changes  in  density  and  internal  strains,  and  that  internal 
strains  may  reach  a  state  of  intensity  or  concentration  nearly  or  quite 
sufficient  to  cause  rupture  in  a  metal  of  exhausted  toughness;  and 
furthermore,  that  alternate  stresses  tend  to  exhaust  the  toughness; 
with  these  facts  before  us  we  can  hardly  assume  that  it  has  yet  been 
shown  that  the  cohesive  resistance  between  adjacent  particles  of  steel 
does  not  go  on  increasing  under  the  influence  of  cold-working  until 
the  moment  of  final  rupture. 
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To  assist  in  the  solution  of  questions  of  this  nature,  fundamental 
in  the  use  of  metals  under  prolonged  stresses,  certain  of  the  experi- 
mental shafts  will  be  examined  after  having  performed  a  smaller 
number  of  rotations  than  is  required  to  produce  complete  rupture. 
Annular  specimens  will  be  taken  from  the  middle  of  the  length  of 
the  shaft,  and  tested  by  tension  in  the  direction  of  the  axis  of  the 
shaft.  The  object  of  employing  annular  specimens  is,  of  course,  to 
remove  the  metal  nearest  the  neutral  axis  of  the  shaft,  and  test  that 
part  only  which  has  been  exposed  to  the  higher  stresses. 

The  investigation  has  not  advanced  far  enough  to  enable  us  to 
speak  with  confidence  upon  the  results  obtained  hitherto;  but  in 
one  instance  an  extraordinary  gain  in  strength,  over  the  primitive 
strength  of  the  metal,  was  displayed  in  an  annular  specimen  from 
an  overloaded  shaft;  and  unless  this  can  be  explained  in  some  other 
manner,  it  appears  to  indicate  that  the  curve  representing  the  tensile 
strength  of  the  metal  in  question,  as  shown  by  the  apparent  beha- 
vior of  the  rotating  shafts,  was  not  a  straight  line  from  its  primitive 
condition  to  that  of  final  rupture  by  repeated  stresses. 

In  the  series  of  tests  proposed,  shafts  will  be  run  under  different 
fiber-stresses,  and  after  establishing  the  number  of  loadings  necessary 
to  produce  rupture  with  each  fiber-stress,  other  similar  shafts  will 
be  run  for  a  smaller  number  of  rotations,  and  specimens  will  be 
taken  out  and  tested.  Some  of  the  specimens  thus  taken  out  will 
be  annealed  before  testing  by  tension.  In  this  manner  it  is  expected 
that  valuable  information  will  be  obtained. 

Most  tests  of  the  series  have  been  carried  on  at  ordinary  atmos- 
pheric temperatures,  at  least  the  shafts  have  not  been  allowed  to  ac- 
quire a  very  high  temperature.  A  number  of  shafts,  however,  have 
been  allowed,  under  the  influence  of  a  high  fiber-stress,  to  attain  a 
temperature  of  nearly  400°  F.  and  perhaps  more.  Several  shafts 
acquired  a  blue  heat.  At  this  higher  temperature  the  shafts  endured 
from  four  to  ten  times  as  many  rotations  before  rupture  as  the  dupli- 
cate shafts  run  at  temperatures  ranging  from  70°  to  110°  F. 

This  extraordinary  behavior  of  the  hot  shafts  will  be  fully  inves- 
tigated. At  present  there  is  no  reason  for  believing  these  results  to 
be  exceptional,  startling  as  they  may  appear. 

In  the  zone  of  temperature  between  400°  and  600°  F.,  the  highest 
tensile  strength  is  found;  but  up  to  this  time  the  elastic  limits  show 
a  decrease  over  the  values  found  at  ordinary  temperatures. 

The  modulus  of  elasticity  at  400°  F.  is  doubtless  lower  than  at 
70°  F.,  showing  a  greater  mobility  of  the  metal  within  the  elastic 
limit  at  the  higher  temperature. 
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The  shafts  thus  showing  superior  endurance  when  hot  were  loaded 
with  a  high  fiber-stress  ;  tests  to  follow  will  be  made  with  lower 
stresses.  All  of  the  tests  of  this  series  have  been  made  with  higher 
fiber-stresses  than  would  be  involved  in  the  ordinary  service  of  the 
metal,  and  perhaps  the  same  comparative  results  would  not  be  found 
under  different  conditions  of  loading;. 

The  relation  which  the  elastic  limit  and  the  toughness  displayed 
in  a  tensile  test  bear  to  the  endurance  of  the  metal  under  repeated 
alternate  stresses,  has  not  yet  been  made  apparent  in  these  tests.  As 
already  remarked,  shafts  have  been  ruptured  with  stresses  of  one- 
half  the  tensile  elastic  limit;  and  metal  which  will  elongate  20  per 
cent,  in  a  tensile  specimen  is  ruptured  with  almost  inappreciable 
elongation  in  the  rotating  shaft. 

It  may  be  remarked  in  passing,  that  the  jog  in  the  tensile  curve 
often  displayed  soon  after  the  elastic  limit  is  passed,  is  eliminated 
by  first  over-straining  the  metal  in  compression. 

Shafts  which  show  small  or  no  measurable  permanent  sets  in  de- 
flection, when  first  loaded,  often  display  appreciable  sets  after  having 
been  run  a  few  hundred  or  thousand  rotations.  An  interval  of  rest 
commonly  diminishes  the  sets,  which  appear  when  the  test  is  re- 
sumed ;  but  the  gain  in  this  respect  is  soon  lost  after  a  few  additional 
rotations. 

When  a  high  fiber-stress  is  first  applied — one  which  would  cause 
a  very  decided  permanent  set — the  power  required  to  rotate  the  ex- 
perimental shaft  is  greater  than  is  subsequently  needed,  after  a  few 
hundred  rotations  have  been  made. 

That  the  deflection  of  the  shaft  is  not  affected  by  the  speed  of  ro- 
tation, when  the  fiber-stress  does  not  cause  sensible  permanent  sets, 
may  be  asserted  as  true,  within  the  limits  of  these  experiments, 
which  have  embraced  a  speed  of  2200  rotations  per  minute,  and 
fiber-stresses  of  50,000  pounds  per  square  inch  in  combination. 

When,  however,  the  fiber-stress  exceeds  the  elastic  limit  of  the 
metal,  the  deflections  are  diminished;  the  shaft  in  the  meantime  rap- 
idly acquiring  a  higher  temperature,  under  a  high  speed  of  rotation. 

A  cast  (gun-iron)  bar  displayed  remarkable  endurance  while  un- 
der a  maximum  fiber-stress  of  15,000  pounds  per  square  inch.  This 
shaft  ruptured  at  47,283,500  rotations;  and  yet,  at  each  rotation 
there  was  doubtless  developed  a  measurable  permanent  set  in  the 
metal.  Making  a  comparison  of  endurance,  according  to  the  mag- 
nitude of  the  permanent  sets  developed  at  each  rotation,  this  bar 
equaled  any  steel  bar  experimented  with. 
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Final  rupture  is  commonly  accompanied  by  a  wobbling  motion 
of  the  shaft,  as  fracture  rarely  penetrates  the  metal  around  the  entire 
circumference. 

After  the  first  indications  of  impending  rupture,  the  fracture  is 
generally  completed  within  a  few  hundred  rotations. 

J.  S.  Robesox,  Braddock,  Pa.  (communication  to  the  Secretary)  : 
In  Mr.  Hartshorne's  paper  on  "  The  Basic  Bessmer  Steel  Plant  of 
the  Pottstown  Iron  Company  "  [Trans.,  xxi.,  743),  a  description  is 
given  of  certain  blacksmith-  or  forge-tests  used  in  those  works  to 
determine  the  quality  of  the  metal  made  at  each  heat. 

It  was  my  privilege  to  work  under  Mr.  Hartshorne,  in  various 
capacities,  for  a  number  of  years;  and  I  had  many  opportunities  to 
study  and  examine  these  tests ;  in  fact,  for  quite  a  long  period  before 
the  accurate  rapid  methods  for  cletermininsr  sulphur  and  phosphorus 
had  been  introduced  in  the  laboratory,  the  steel  was  graded  and 
placed  on  the  various  orders,  according  to  the  estimate  of  its  contents 
of  carbon,  sulphur,  phosphorus,  and  manganese,  made  under  my 
supervision.  These  estimates,  based  on  the  appearance  of  the  sur- 
face, the  size,  color,  and  location  of  the  crystals  and  fiber  in  the 
fractured  ends  of  the  tests,  were  afterwards  checked  against  the  re- 
ported analysis  from  the  laboratory,  and  it  was  found  that  very 
accurate  results  could  be  expected  from  this  method  of  "  observed 
analysis." 

It  would  make  a  very  long  story  to  attempt  to  tell  of  all  the 
details  that  were  studied  on  a  test  iu  order  to  form  an  opinion  as  to 
its  chemical  contents;  and  it  suffices  to  say  in  this  particular,  that 
the  appearance  of  the  fracture  was,  perhaps,  the  most  important  of 
all.  It  was  very  soon  found,  that  unless  the  4  by  4-inch  ingots, 
from  which  these  pieces  were  hammered,  received  exactly  similar 
treatment  at  the  hands  of  the  blacksmith,  widely  varying  results 
would  be  obtained,  and  that  the  appearance  of  the  fractured  pieces 
of  one  blow  would  be  no  guide  as  to  the  pieces  from  the  next  blow, 
though  they  might  have  an  exactly  similar  chemical  composition. 
By  always  using  the  same  smith  for  this  work,  and  by  close  attention 
to  the  heat-treatment  in  the  shop,  it  is  believed  that  a  great  degree 
of  uniformity  was  obtained. 

From  the  results  thus  obtained  at  Pottstown,  it  may  be  said  that 
a  trained  observer,  working  on  pieces  of  steel  that  have  been  ham- 
mered and  heated  in  a  like  manner,  can  deduce  fairly  accurate  figures 
as  to  the  chemical  composition  of  said  pieces. 

It  occasionally  happened,  for  one  cause  or  another,  that  the  4-inch 
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ingot  was  not  cast ;  and,  in  order  that  the  reeords  might  be  complete, 
it  was  necessary  to  procure  these  tests  in  another  way.  Under  these 
circumstances,  a  shear-test  would  be  out.  That  is,  when  one  of  the 
large  ingots  had  been  heated  and  rolled,  and  was  being  sheared  to 
the  proper  bloom-size,  a  small  piece  would  be  cut  off,  taken  to  the 
blacksmith  shop  and  forged  in  the  same  way  as  the  4-inch  test. 
These  pieces  had  evidently  gone  through  a  very  different  experience 
from  the  usual  tests.  They  had  been  cast  in  another  manner,  had 
been  heated  oftener,  and  had  had  a  very  much  larger  amount  of  work 
put  upon  them  ;  still,  their  fracture  and  general  appearance  was  iden- 
tical with  those  produced  by  the  standard  method.  In  this  case, 
certainly  the  amount  of  work  had  nothing  to  do  with  the  appearance 
of  the  fracture. 

The  4-inch  square  test-ingot,  10  to.  15  inches  long,  was  cast  during 
the  teeming  of  a  12-ton  Bessemer  blow;  and  the  casting-tempera- 
ture of  the  steel  often  varied  very  greatly  from  blow  to  blow.  So 
far  as  the  tests  were  concerned,  the  casting-temperature  was  not  con- 
sidered, and  variations  in  it,  however  great  they  might  be  within  the 
range  that  permitted  of  successful  casting,  could  not  always  be  de- 
tected by  the  appearance  of  the  fracture,  the  subsequent  heat-treat- 
ment having  apparently,  in  some  cases,  removed  the  differences  that 
originally  existed.  Though  the  casting-temperature  affects  the 
original  structure,  it  seems  possible  to  alter  its  effects,  as  seen  in  the 
fracture,  by  subsequent  work,  i.e.,  by  heat-treatment. 

Nevertheless,  leaving  out  of  consideration  steel  castings  (finished 
material),  this  temperature  must  not  be  disregarded,  since  its  effects 
can  plainly  be  seen  in  other  directions.  Blow-holes  and  surface- 
flaws  are,  undoubtedly,  effected  by  changes  in  it,  and  it  is  possible  that 
segregation  may  increase  or  diminish  as  this  temperature  rises  and 
falls. 

In  regard  to  segregation,  M.  Pourcel  notes,  in  his  paper,  that  it 
takes  place  in  the  following  order: 

Carbon, 

Phosphorus, 

Sulphur, 

Silicon, 

Manganese. 

But,  in  the  example  which  he  cites,  of  a  Bessemer  steel  roll  cast 
at  La  Louviere,  the  greatest  segregation  is  shown  by  the  phosphorus, 
then  follow  the  sulphur,  carbon,  silicon,  and  manganese;  and,  in  a 
number  of  examples  which  I  have  at  hand,  representing  two  grades 
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of  steel,  one  containing  0.10  to  0.12  per  cent.,  the  other,  0.30  to  0.40 
percent,  of  carbon,  the  same  order,  namely, 

Phosphorus, 

Sulphur, 

Carbon, 

Silicon, 

Manganese, 
is  invariably  maintained. 

Joseph  Hartshorne,  Stowe,  Pa. :  I  had  prepared  some  few 
remarks  on  one  or  two  of  the  subjects  proposed  for  discussion  at  this 
meeting,  but  Mr.  Hibbard  has  covered  my  ground  so  thoroughly, 
and  my  agreement  with  him  is  so  complete,  that  he  has  left  me  little 
to  say.  There  are  one  or  two  points,  however,  that  strike  me  as 
being  of  sufficient  importance  to  warrant  the  risk  of  some  repetition. 

After  struggling  with  the  problem  of  segregation  for  more  than 
fifteen  years,  I  am  in  about  the  same  state  of  mind  as  I  was  at  the 
beginning.  I  do  not  yet  know  of  any  method  of  preventing  it.  It 
can  be  modified,  and,  perhaps,  minimized,  by  casting  slowly,  by 
using  small  ingots,  by  keeping  the  casting-temperature  as  low  as 
possible,  etc. ;  but  every  now  and  then,  in  spite  of  all  precautions,  it 
will  occur  to  a  disastrous  degree,  and  can  never  be  wholly  prevented. 
The  most  homogeneous  metal  in  appearance  will  show  signs  of  it, 
if  carefully  investigated.  At  least,  I  have  never  yet  failed  to  find 
signs  of  this  trouble,  when  I  have  looked  for  it  carefully.  I  have 
been  forced,  therefore,  to  the  conclusion  that  segregation  cannot  be 
prevented.  In  many  instances  it  does  not  occur  to  an  extent  that 
makes  much  difference,  and  for  many  purposes  it  can  be  disregarded  ; 
but  there  is  always  the  chance  of  the  one  time  when  it  may  take 
place  with  fatal  results.  The  only  solution  yet  presented  of  this 
problem,  which  is  at  all  satisfactory  to  my  mind,  is  that  the  impu- 
rities shall  be  kept  so  small  in  amount  that  segregation,  if  it  does 
occur,  will  do  no  harm.  In  fact,  I  begin  to  fear  that  this  will  prove 
to  be  the  final  solution.  Of  course,  I  am  speaking  now  of  high- 
quality  steel  only. 

I  agree  with  Mr.  Hibbard  in  thinking  that  the  hard  spots  which 
occur  in  steel  may  often  be  attributed  to  a  local  segregation.  The 
usual  explanation,  that  is,  badly  mixed  or  unmelted  recarburizers,  is 
inapplicable  in  so  many  cases,  that  some  other  cause  must  be  found. 
This  one  appears  to  me  to  be,  at  least,  very  plausible. 

I  think  it  might  be  well  to  repeat  here,  what  I  have  before  rather 
strenuously  insisted  upon,  that  the  casting-temperature  of  steel  has  a 
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very  decided  effect  upon  the  physical  characteristics  of  the  metal 
when  cold,  and  that  this  effect  is  carried  through  to  the  finished  pro- 
duct. Of  course,  I  do  not  claim  any  originality  for  this  remark. 
But  it  seems  to  me  to  be  a  point  that  is  often  overlooked,  and  it  is 
one  that  has  been  denied. 

It  is  well  understood  by  all  that  the  casting-temperature  has  a 
great  deal  to  do  with  the  number  and  position  of  the  blow-holes  in 
an  ingot.  If  the  heat  be  too  hot,  the  blow-holes  will  be  very  numer- 
ous and  very  close  to  the  surface.  This  means  that,  when  the  ingot 
is  heated,  the  outer  crust  will  scale  off  in  the  furnace,  and  these  holes 
will  open  to  the  atmosphere.  Their  surfaces  will  then  oxidize,  and 
whatever  chance  they  may  have  had  of  welding-up  will  disappear 
entirely.  Thence  come  cracks  and  laminations  in  the  steel,  and  a 
greater  tendency  to  tear  apart  in  the  ingot  when  being  rolled.  It  is 
largely  for  this  latter  reason  that  hot  heats  appear  to  be  more  red- 
short  than  those  that  have  been  cast  at  a  lower  temperature. 

Besides  this  physical  effect  of  a  high  casting-temperature,  there  are 
other  effects  less  thoroughly  understood,  and  yet  even  more  harmful. 
There  is  no  doubt  that  steel  which  has  been  cast  at  too  high  a  tem- 
perature will  show  definite  characteristics,  not  produced  by  the  blow- 
holes. These  characteristics  must  be  produced  either  by  the  tem- 
perature itself,  or  by  something  which  accompanies  or  causes  the 
excess  of  temperature. 

For  instance,  steel  which  has  been  cast  at  too  high  a  heat  will  be 
much  more  brittle  than  other  steel  of  the  same  composition  (accord- 
ing to  the  analyses  usually  made),  which  has  been  cast  at  the  proper 
temperature.  The  test-pieces  made  from  such  steel  will  show  the 
same  characteristics  in  fracture  and  appearance  as  those  made  from 
steel  which  has  been  over-heated  in  the  furnace,  or  finished  at  too 
high  a  heat.  It  may  be  that  this  is  the  effect  of  some  molecular 
change  produced  by  the  high  temperature  itself.  I  know  of  no 
direct  evidence  to  support  this  supposition  ;  and  the  indirect  evi- 
dence is  against  it.  If  the  effect  were  due  to  molecular  changes,  we 
should  expect  it  to  be  modified  or  eliminated  by  the  next  heat-treat- 
ment. But  this  does  not  happen  to  any  great  extent  when  the  sub- 
sequent heat-treatment  is  normal,  although  the  existing  condition 
may  be  intensified  by  subsequent  over-heating. 

Again,  it  often  happens  that  open-hearth  steel  is  cast  at  a  tem- 
perature which  would  be  entirely  too  high  for  Bessemer  steel  of  the 
same  composition.  The  same  thing  happens  when  Bessemer  steel 
is  blown  from  high-manganese  pig-iron,  or  has  undergone  special 
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treatment,  to  raise  the  temperature,  during  the  last  minute  or  two  of 
the  blow. 

All  these  facts,  and  others  of  a  like  character,  point  to  the  notion 
that  there  is  some  difference  of  a  chemical  nature,  not  disclosed  by 
the  analyses  as  ordinarily  made  ;  that  is,  those  including  carbon, 
silicon,  sulphur,  phosphorus,  manganese,  chromium,  etc.  The 
generally  accepted  theory  is,  that  this  difference  is  in  the  amount  of 
oxygen  contained  in  the  steel.  The  preponderance  of  evidence  is 
certainly  in  favor  of  this  view.  The  question  is,  however,  hardly 
settled  as  yet;  and  it  still  remains  to  be  shown  why  a  hot  heat 
should  have  more  oxygen  in  it  than  a  cold  one.  It  remains  also  to 
be  discovered  whether  this  oxygen  is  present  as  a  gas  or  as  an  oxide, 
and  how  it  can  possibly  exist  together  with  large  amounts  of  man- 
ganese. 

Of  course,  it  is  easy  to  suppose  that  a  hot  heat  may  hold  more  gas 
in  solution  than  a  cold  one  can  ;  but  then  this  excess  of  gas  should 
be  expelled  as  the  steel  cools  in  the  ladle.  This  does  not  appear  to 
take  place;  at  least,  I  have  never  been  able  to  satisfy  myself  that 
any  particular  advantage,  in  this  respect,  is  to  be  gained  by  allow- 
ing a  heat,  which  has  been  finished  too  hot,  to  cool  in  the  ladle. 
There  is,  of  course,  great  gain  as  regards  the  blow-holes. 

It  would  seem,  therefore,  that  the  most  probable  state  in  which 
oxygen  can  be  present  is  that  of  oxide,  which,  for  some  reason,  has 
escaped  the  action  of  the  deoxidizers.  In  some  cases  a  hot  heat  has 
been  made  so  by  burning  the  iron  itself,  intentionally  or  otherwise. 
Here  we  have  an  instance  in  which  a  hot  heat  may  be  supposed 
to  be  an  over-oxidized  one,  due  to  an  easily  traced  cause.  Gener- 
ally, also,  a  hot  heat  has  been,  at  the  same  time,  a  longer  one  than 
usual.  This  means  that  the  iron  has  been  exposed  to  the  action  of 
the  blast  for  a  longer  time  than  in  the  cooler  heats.  In  the  basic 
Bessemer  process,  in  which  most  of  my  observations  have  been  made 
for  the  last  ten  years,  a  hot  heat  is  always  a  long  one,  in  my  experi- 
ence, as  compared  with  those  of  the  proper  temperature  made  at  the 
same  time.  The  high  temperature  in  this  case  is  almost  always  due 
to  excess  of  phosphorus.  Since  phosphorus  is  not  a  complete  pro- 
tector to  the  iron,  the  longer  the  blow,  and  especially  the  longer  the 
after-blow,  the  more  iron  will  necessarily  be  oxidized. 

It  is  probable,  moreover,  that  manganese  will  not  act  on  the  oxide 
so  readily  at  a  high  temperature  as  at  a  lower  one;  and  the  presence 
in  the  steel  of  oxygen  and  comparatively  large  amounts  of  manga- 
nese at  the  same  time,  may  be  accounted  for  in  this  way. 
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In  this  connection,  note  may  be  made  of  a  fact  which,  to  say  the 
least,  does  not  help  to  explain  matters.  This  is,  that  the  same  pro- 
portionate amount  of  deoxidizers  will  render  a  very  much  over- 
blown heat  (say,  half  blown  away)  fit  to  roll,  as  would  answer  for 
the  full  heat,  provided  that  the  deoxidizers  are  introduced  free  from 
the  influence  of  the  slag.  This  seems  to  indicate  that  blown  metal 
will  only  hold  a  certain  amount  of  oxygen  or  oxide,  and  all  above 
that  amount  will  pass  into  the  slag. 

However  this  all  may  be,  there  is  no  doubt  that  something  hap- 
pens in  a  hot  heat  which  has  a  very  decided  influence  upon  the 
physical  characteristics  of  the  solid  metal — an  influence  which  con- 
tinues to  manifest  itself  to  a  greater  or  less  extent  throughout  all 
the  subsequent  manipulations. 

Each  heat  of  steel  at  Pottstown  was  tested  both  chemically  and 
physically,  as  described  in  my  paper,  read  at  the  Reading  meeting 
{Trans.,  xxi.,  757).  This  gave  us  a  very  good  idea  of  its  nature  and 
characteristics.  We  thoroughly  assured  ourselves  that  a  heat  which 
had  been  cast  at  too  high  a  temperature  gave  a  more  brittle  steel 
than  did  others  of  the  same  composition  which  had  been  cast  at  the 
proper  temperature.  When  I  say  "  same  composition,"  I  must  be 
understood  to  mean  the  same  as  far  as  our  analyses  carried  us.  We 
determined  carbon,  sulphur,  phosphorus,  and  manganese;  and  we 
also  had  assured  ourselves  that  there  was  no  appreciable  amount 
of  chromium,  arsenic,  copper,  or  any  other  rarer  elements  in  the 
steel. 

We  sometimes  made  comparative  tests  from  the  4-inch  ingot, 
made  at  the  time  of  casting,  and  from  the  blooms  of  the  same  heat 
when  rolled.  These  tests  almost  invariably  showed  the  same  char- 
acteristics, and  were  practically  alike  in  their  indications.  This 
proves  that  the  effect  of  the  casting-temperature  was  carried  at  least 
as  far  as  the  bloom.  It  also  shows  that  work,  beyond  a  certain 
amount,  does  not  have  much,  if  any,  effect  upon  the  metal  as  rolled. 
In  the  case  of  the  4  inch  ingot  the  reduction  to  the  test-piece  is  only 
ten  times,  while  in  the  other  case,  from  the  17-inch  by  21-inch  ingot, 
the  reduction  is  two  hundred  and  thirty  times.  Only  enough  work 
to  make  the  steel  solid  is  necessary.  That  object  once  attained 
by  any  means,  further  work  does  not  improve  the  quality  of  the 
metal. 

We  also  had  evidence  which  seemed  to  show  that  the  influence  of 
the  casting-temperature  is  carried  through  to  the  finished  product. 
As  regards  this,  I  am   not  willing  to  make  so  positive  an  assertion  ; 
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although  there  is  no  doubt  in  my  own  mind  as  to  the  truth  of  the 
fact.  I  am  still  in  doubt,  however,  as  to  the  amount  of  this  influ- 
ence; that  is,  whether  it  is  carried  through  to  the  full  original  extent 
or  not. 

In  speaking  of  casting-temperature  and  its  effect  on  the  physical 
effects  of  the  cold  metal,  I  confine  myself,  for  the  present  at  least,  to 
the  Bessemer  process,  both  acid  and  basic,  as  ordinarily  carried  out; 
and  I  mean  the  temperature  at  which  the  blow  is  finished,  and  the 
metal  is  ready  to  be  poured  from  the  vessel,  not  the  temperature  at 
which  it  is  cast  into  the  moulds.  Cooling-off  in  the  ladle  has  little, 
if  any,  effect,  that  I  have  been  able  to  discover,  except  on  the  blow- 
holes or  piping. 

President  Howe:  This  question,  why  high  temperature  causes 
its  undoubted  injurious  effects,  is  an  important  one.  Is  it  high  tem- 
perature as  such,  or  some  concomitant  of  high  temperature  that  is 
the  real  cause?  If  the  latter,  may  we  avoid  the  concomitant,  and 
thus  avoid  the  evil  effect,  while  preserving  the  convenience  which 
high  temperature  offers  when  we  are  to  cast  a  charge  of  steel  in  many 
small  pieces? 

Many  have  referred  the  injury  which  accompanies  high  tempera- 
ture to  its  inducing  the  absorption  of  nitrogen  ;  and  some  evidence 
has  been  gathered  in  support  of  this  view.  On  this  point  evidence 
should  be  easy  to  get,  and  is  much  needed. 

Wm.  R.  Webster,  Philadelphia,  Pa.  (communication  to  the  Sec- 
retary) :  The  suggested  lines  for  this  discussion,  prepared  by  our 
President,  are  very  complete;  and  we  are  under  obligations  to  him 
for  the  pains  he  has  taken  in  this  matter.* 

The  experiments  of  Mr.  Howe  on  the  heat-treatment  of  steel  are 
of  the  greatest  value,  and  throw  much  light  on  the  changes  which 
occur  in  the  structure  of  the  metal.     I  trust  that  such  experiments 

*  Note  by  the  Secretary. — The  following  extract  from  Circular  No.  3,  of 
1893,  is  here  given  for  preservation,  and  in  the  hope  that  it  may  serve  to  incite 
and  to  guide  further  discussion  of  the  subject : 

A..— The  Physics  of  Steel. 

(See  papers  of  Messrs.  Martens,  Osmond,  Pourcel,  Sauveur,  Hadfield,  Howe  and 
Webster,  in  vols.  xxii.  and  xxiii.). 

The  following  lines  of  discussion  are  suggested,  but  are  not  in  any  way  exclu- 
sive : 

I.  Correspondence  between  chemical  composition  and  fracture,  micro-structure 
and  physical  properties. 
II.  Influence  of — 


THE    PHYSIC3    OF   STEEL.  787 

i 

will  be  continued  on  a  larger  scale,  in  connection  with  the  work  of 
rolling  or  forging  at  different  temperatures.  A  test-report  (Table  I.) 
received  from  Mr.  S.  M.  Vauclain,  Superintendent  of  the  Baldwin 
Locomotive  Works,  gives  an  interesting  illustration  under  this  head. 
This  report  gives  the  result  of  tests  made  upon  two  8J-inch  steel 
blooms,  furnished  to  the  works  to  be  forged  into  axles.  They  had 
been  bought  on  a  specification  calling  for  a  certain  tensile  strength 
and  elongation  in  a  test-specimen  cut  from  the  blooms  and  drawn 
down  under  the  hammer  to  1  inch  square.  Some  large  driving- 
axles,  forged  from  such  blooms,  having  failed  to  meet  the  physical 
requirements  of  the  purchaser— although  the  test-specimens  had 
met  the  requirements  of  the  specification,  and  although  such  failure 
had  never  been  experienced  before,  even  with  forgings  from  6^-inch 
blooms — it  was  suggested  that  the  cause  of  the  failure  might  be 
that  the  particular  blooms  from  which  the  axle  had  been  forged  had 
received  little  or  no  work  in  the  mill ;  in  other  words,  had  been 
rolled  from  small  ingots  instead  of  large  ones.  In  order  to  ascer- 
tain the  effect  of  extra  working,  two  sample  blooms  were  forged  from 
8|  down  to  7,  6,  5  and  4  inches  successively,  and  test-specimens 
were  taken  at  each  stage.  The  results  obtained  from  these  speci- 
mens are  given  in  the  table. 

(1)  Casting-temperature.  i  r  (a)  Fracture. 

(2)  Manner  and  temperature  of  heating. 

(a)  For  rolling.  '    (b)  Micro-structure. 

(b)  For  annealing.  I    (c)  Physical    prop- 

(3)  Work.  }-  on  -{               erties. 

(4)  Finishing-temperature.  (c/)  Tensile  proper- 

(5)  Rate  and  mode  of  cooling.  ties. 

(a)  After  forging.  (e)  Residual  stress. 

(b)  For  casting. 

III.  Segregation  as  affected  by — 

(1)  Composition. 

(2)  Casting-temperature. 

(3)  Rate  of  cooling. 

IV.  Blow-holes  and  pipes ;  their  volume  and  position  as  affected  by — 

(1)  Composition. 

(2)  Casting-temperature. 

(3)  Casting-pressure. 

(4)  Rate  of  cooling. 

(5)  Special  additions. 
(G)  Forging. 

V.  Hardening:  relation  between  tensile  properties  and  hardness  of  quenched 
steel,  and — 

(1)  Quenching-temperature. 

(2)  Quenching-medium. 

(3)  Size  of  piece  quenched. 
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It  was  found,  as  the  table  indicates,  that  the  successive  forgings 
materially  enhanced  the  value  of  the  steel.  The  elongation  in- 
creased as  the  size  was  diminished  by  forging.  It  will  be  noticed, 
however,  that  in  Bloom  I.  there  was  a  slight  decrease,  and  in  Blooru 
II.  a  considerable  increase,  of  tensile  strength.  This  phenomenon  is 
attributed  by  Mr.  Vauclain  to  the  circumstance  that  Bloom  II.  had 
been  allowed  to  retain  its  original  size  at  the  bottom  of  the  ingot. 

On  the  result  of  this  experiment,  Messrs.  Burnham,  Williams  & 
Co.,  of  the  Baldwin  Works,  changed  their  specification  so  as  to  re- 
quire that  the  test-piece  should  be  cut  from  the  bloom  furnished. 

The  small  elongation  and  crystalline  fractures  of  the  larger  sizes 
covered  by  this  report  show  clearly,  I  think,  the  trouble  caused  by 
improper  heat-treatment,  while  the  greatly  superior  results  in  the 
smaller  sizes  indicate  the  true  value  of  the  material.  By  annealing 
the  larger  pieces,  the  stretch  and  fracture  might  be  made,  no  doubt, 
equal  to  those  of  the  smaller  pieces  in  their  present  state,  but  it  is 
only  by  careful  experiment  that  the  best  methods  of  working  can 
be  established. 

Another  point  of  great  interest  is  the  difference  in  the  determina- 
tions of  carbon,  manganese,  phosphorus  and  sulphur  made  on  the 
same  pieces  of  steel  by  the  chemists  of  our  leading  steel-works. 
Table  II.,  for  which  I  am  likewise  indebted  to  Mr.  Vauclain,  gives 
the  results  of  six  comparative  tests  in  this  respect.  Mr.  Vauclain 
writes  concerning  it: 

"  In  order  to  obtain  a  correct  idea  of  the  composition  of  the  material,  it  was 
decided  to  send  a  sample  of  each  make  of  steel  enumerated  in  the  table  to  each  of 
the  different  makers.  We  cut  a  piece  of  Otis  steel  into  five  parts,  sending  one  part 
to  Otis,  one  to  Park,  one  to  Wellman,  one  to  Carnegie  and  one  to  Lukens.  We  did 
the  same  with  a  piece  of  Park  steel,  and  so  on  through  the  list,  adding  a  sixth  piece 
purchased  from  parties  to  whom  it  was  impossible  to  send  for  an  analysis.  You  will 
see  in  the  table  that  there  is  not  a  single  case  in  which  the  analysis  of  the  same 
piece  by  any  two  of  the  makers'  chemists  agree.  Some  of  them  vary  widely.  It 
is  impossible  to  believe  that  these  differences  are  due  entirely  to  the  carelessness  of 
the  chemists  employed  by  these  different  companies.  I  am  of  the  opinion  that  they 
are  more  largely  due  to  irregularity  in  the  material,  and  that  they  demonstrate  how 
unreliable  a  single  analysis  made  from  a  steel  plate  may  be.  The  letters  A,  B,  C,  D, 
K  and  F,  in  the  first  column  of  the  table,  are  those  which  we  stamped  upon  the 
samples,  so  that  we  might  be  able  to  distinguish  them  without  letting  it  be  known 
who  the  manufacturers  were." 

The  greatest  differences  shown  in  the  table  are  : 


Per  cent.                              Per  cent. 

Plate. 

Carbon, 

0.17     to  0.23    a  difference  of  0.0G 

in  E. 

Manganese, 

0.33     "  0.42          "           "      0.09 

"   A. 

Phosphorus, 

0.041    "  0.055        "            "      0.014 

"  A. 

Sulphur,     . 

0.019    "  0.043        "           "      0.024 

"  C. 
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Table  I. — Tests  made  at  the  Baldwin  Locomotive  Works,  February 
'3,  1894,  from  Two  8 \  in.  Blooms,  Drawn  Down  to  Different  Sizes. 
(Length  of  test-specimen  in  all  case«,  2  inches.) 


Mark. 

a 

o 
_o 
3 

o 
d 

a 

o 
o 

3 

o 
n: 

i» 

In. 

Section  of  Test- 
Specimen. 

13 
P 
3 
O 

Ph 

<D 
© 

a 

.a 
a 
a 

a 
u 
o3 
3 
a'li 

M 

r7~° 

"5  2 

=  3 

li 

Fracture. 

5 
•a  a 

<P 

a 
s 

03 

< 

In. 

In. 

In. 

1A 

I. 

8* 

.8l0 

.875 

.601 

53,740 

89,417 

13. 

Crystalline. 

IB 

I. 

8* 

.790 

.875 

.601 

54,200 

90,183 

14. 

Crystalline. 

2C 

I. 

7 

.770 

.875 

.601 

53,600 

89,184 

16.5 

Partly  crystalline. 

2D 

I. 

7 

.760 

.875 

.601 

53,520 

89,051 

16.5 

Partly  crystalline. 

3E 

I. 

6 

.750 

.875 

.601 

52,240 

86,921 

18. 

Coarse,  cup. 

3F 

I. 

6 

.750 

.875 

.601 

51,800 

86,189 

18. 

Coarse,  cup. 

4G 

I. 

5 

.750 

.875 

.601 

52,650 

87,603 

18. 

Silky,  cup. 

4H 

I. 

5 

.730 

.875 

.601 

54,090 

90,000 

20. 

Silky,  cup. 

51 

I. 

4 

.720 

.875 

.601 

52,760 

87,787 

22. 

Silky,  cup. 

5J 

I. 

4 

.740 

.875 

.601 

53,180 

88,485 

21. 

Silky,  cup. 

1A 

II. 

8J 

.800 

.875 

.601 

51,750 

86,106 

13. 

IB 

II. 

Si 

.800 

.875 

.601 

52,250 

86,938 

16. 

2C 

II. 

7 

.780 

.875 

.601 

54,950 

91,430 

16. 

2D 

II. 

7 

.780 

.875 

.601 

56,450 

93,926 

16. 

3E 

II. 

6 

.790 

.875 

.601 

59,300 

98,688 

17.5 

3F 

II. 

6 

.770 

.875 

.601 

58,600 

97,504 

17.5 

4G 

II. 

5 

.750 

.875 

.601 

58,650 

97,587 

18.5 

4H 

II. 

5 

.750 

.875 

.601 

58,900 

98,003 

19. 

51 

II. 

4 

.740 

.875 

.601 

57,100 

95,008 

20. 

5J 

II. 

4 

.740 

.875 

.601 

56,950 

94,758 

20. 

They  show,  I  think,  that  there  is  great  need  of  improvement 
either  in  the  system  of  taking  drillings  or  in  the  methods  of 
analysis. 
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Table  II. —  Comparative  Analyses  of  Various  Steels. 


Analyzed  in  Laboratory  of. 

Carbon. 

Mangan- 
ese. 

Phos- 
phorus. 

Sulphur. 

Silicon. 

A 

Otis 

.16 
.15 
.15 
.16 
.14 

.42 
.34 
.35 
.38 
.33 

.048 
.041 
.049 
.035 
.042 

.037 
.036 
.048 

.028 
.044 

.018 

Park 

.152 

.364 

.041 

.0385 

B 

(Firebox.) 

Otis 

.17 
.20 
.20 

.22 
.20 

.39 
.35 
.36 
.39 
.36 

.024 
.024 
.031 
.028 
.022 

.024 
.026 
.027 
.016 
.036 

.020 

Park 

Carnegie 

Lukens 

Average 

.198 

.362 

.0258 

.0258 

C 

Otis 

.16 
.16 
.16 
.17 
.145 

.76 
.71 
.74 

.80 
.80 

.035 
.033 
.032 
.043 
.032 

.025 
.028 

.029 
.019 
.043 

.060 

Park 

Wellman 

.159 

.762 

.035 

.0288 

D 

(Firebox.) 

Otis 

.16 
.16 
.15 
.15 
.14 

.50 
.44 
.48 
.49 
.47 

.012 
.012 
.017 
.010 
.010 

.020 
.016 
.021 
.014 
.029 

Park 

Wellman 

Carnegie 

Lukens 

.152 

.476 

.0122 

.020 

E 

Otis 

.17 
.23 
.19 
.23 

.21 

.60 
.65 
.67 
.68 
.61 

.021 
.019 
.025 
.026 
.019 

.045 
.055 
.035 
.047 
.067 

.014 

Park 

Wellman 

Carnegie 

Lukens 

.206 

.642 

.022 

.0538 

F 

Otis 

.16 
.20 
.17 
.19 
.185 

.36 
.30 
.31 
.34 
.32 

.049 
.050 
.057 
.058 
.050 

.059 
.069 
.067 
.059 
.070 

.015 

Park 

Wellman 

Lukens 

.181 

.326 

.0528 

.0648 
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Another  matter,  to  which  the  attention  of  chemists  has  been 
attracted  of  late,  is  the  importance  of  an  element  not  usually  deter- 
mined by  them,  namely,  oxygen.  Mr.  A.  Lantz,  of  the  works  at 
Peine,  Germany,  writes  me  as  follows: 

"Here  we  determine  carbon,  manganese,  and  phosphorus  for  each  blow,  and 
occasionally  oxygen  ;  almost  entirely  neglecting  sulphur,  on  the  other  hand,  because 
it  never  appears  in  any  troublesome  way. 

"  We  have  found  during  the  current  year  (1893)  that  oxygen  plays  a  part  hitherto 
but  little  noticed,  yet  so  important  that,  given  a  like  tenor  of  carbon,  phosphorus, 
and  manganese  in  the  blows,  a  blow  containing  a  larger  proportion  of  oxygen  gives 
greater  hardness  and  less  ductility.  This  fact,  which  we  have  firmly  established 
here,  is  so  important  to  the  technical  world  that  I  would  strongly  commend  it  to 
your  consideration ;  the  variations  in  oxygen  bring  differences  of  several  kilo- 
grammes per  square  millimeter,  other  conditions  being  similar. 

"We  employ  at  present  essentially  the  method  introduced  by  Prof.  A.  Ledebur 
for  the  determination  of  oxygen  in  iron,  neglecting,  however,  one  feature  of  it, 
namely,  the  heating  of  the  drillings  in  a  stream  of  nitrogen.  The  drillings  must 
not  be  too  coarse,  on  which  account  tiie  larger  pieces  are  sieved  off.  The  method 
is  very  detailed,  but  it  is,  in  my  opinion,  the  best  now  known,  and  gives  good  re- 
sults" 

The  method  of  Prof.  Ledebur,  to  which  Mr.  Lantz  refers,  was  de- 
scribed at  length  in  Stahl  und  Eisen  for  May,  1882,  by  the  distin- 
guished Freiberg  professor  himself,  under  the  title,  "Determination 
of  Oxygen  in  Malleable  Iron."  I  am  not  aware  that  this  descrip- 
tion has  ever  been  published  in  English  translation,  but  I  suppose 
our  chemists  must  be  more  or  less  familiar  with  a  contribution  made 
to  their  science  so  long  ago  upon  such  high  authority.  With  the 
aid  of  an  excellent  translation,  made  for  my  personal  use  by  Mr.  F. 
E.  Thompson,  of  Pottstown,  Pa.,  I  give  some  extracts,  together  with 
a  condensed  outline  of  the  method. 

Under  "  malleable  iron,"  Prof.  Ledebur  includes  wrought-iron  and 
ingot-iron  or  mild  steel  (Flusseisen).  In  the  former  he  says  that 
oxygen  exists  in  combination  as  the  proto-peroxide  of  iron,  mechani- 
cally mixed  with  the  metallic  mass;  in  the  latter,  as  the  protoxide 
of  iron,  dissolved  or,  so  to  say,  alloyed  in  the  mass,  like  cuprous  oxide 
in  copper.     In  a  foot-note  he  observes : 

"  The  somewhat  widespread  assumption  that  the  proto-peroxide  of  iron  can  exist 
in  iron  that  is  or  has  been  fluid  (and  hence  in  ingot-iron  generally)  seems  to  me  to 
be  unwarranted,  in  view  of  the  great  excess  of  metallic  iron  which  would  reduce 
the  oxide.  Equally  erroneous  appears  the  opinion,  sometimes  expressed,  that  'the 
oxides'  (the  protoxide)  in  ingot-iron  exist  only  in  mechanical  mixture,  like  that 
of  the  slag  in  wrought-iron." 

After  pointing  out  that  the  oxide  in  ingot-iron,  though  usually  less 
in  proportion  than  that  which  is  found  in  wrought-iron,  exerts,  by 
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reason  of  its  more  intimate  combination,  a  greater  effect  on  the 
quality  of  the  metal,  and  that  its  determination  is  therefore  scarcely 
less  important  than  that  of  sulphur,  phosphorus,  etc.,  he  proceeds 
to  describe  the  special  difficulties  of  the  problem,  and  says  that  the 
first,  and  not  the  least,  is  to  obtain  drillings  free  from  grease  and 
moisture.  His  remarks  under  this  head  afford  so  good  an  illustra- 
tion of  the  necessity  of  minute  precautions  against  error  in  all  work 
of  this  kind,  that  I  quote  them  at  some  length  : 

"  Drillings  free  from  grease  can  be  most  easily  obtained  with  a  drill-press  if  a 
clean  drill  is  forged,  tempered  in  water  free  from  grease,  ground  blunt  and  put  into 
the  machine,  and  the  drillings  are  collected  upon  a  plate  free  from  grease.  But 
unless  all  this  work  be  personally  superintended  with  the  closest  vigilance,  the  de- 
sired result  will  seldom  be  secured  ;  for  all  the  objects  in  the  shop — the  tools  and 
implements,  the  hands  of  the  workmen,  even  the  drill-press  itself — are,  intention- 
ally or  unintentionally,  coated  with  grease.  Drillings  made  with  a  press  "free  from 
oil,"  which  I  received  for  examination  from  a  large  establishment,  contained  nota- 
ble quantities  of  grease. 

"  If,  for  lack  of  a  drill-press,  the  file  must  be  used,  this  difficulty  is  increased  ;  for 
the  file-cutters  cover  their  files,  both  before  the  cutting  and  heating  and  after  the 
finishing,  with  a  heavy  layer  of  mixed  resinous  and  greasy  substances.  Filings  ob- 
tained with  a  purchased  file  often  give  off,  when  heated  in  a  test-tube,  a  distinct 
cloud  of  combustion-products,  and,  at  least,  a  strong  odor  of  organic  matters  is 
clearly  detected.  The  file-cutters  cannot  be  persuaded  to  abandon  the  use  of  such 
substances.  I  caused  a  purchased  file  to  be  heated  to  glowing,  dulled  and  recut, 
with  express  directions  that  no  dressing  should  be  given  to  it;  nevertheless,  the 
filings  which  I  took  with  this  file  yielded  the  usual  greasy  odor.  Then  a  large  file- 
works  kindly  offered  to  have  special  files  prepared  for  my  purpose,  every  organic 
substance  to  be  excluded  during  the  manufacture.  These  files  arrived,  and  were 
preserved  in  a  specially-prepared  desiccator  over  sulphuric  acid  ;  but  when  used, 
they  showed  that,  even  in  this  case,  the  workmen  had  secretly  yielded  to  tempta- 
tion, and  indulged  their  habit  of  providing  the  files  with  a  dressing. 

"In  such  cases  there  is  nothing  else  to  do  than  to  treat  the  files  with  ether  or 
benzine,  and  then  dry  them  at  a  gentle  heat.  The  greatest  part  of  the  dressing  is 
thus  removed,  and,  upon  evaporation  of  the  solvent,  remains  at  the  bottom  of  the 
vessel  as  corpus  delicti.  Yet  even  filings  taken  with  a  file  thus  treated  usually  retain 
a  trace  of  organic  matter,  which  I  have  not  succeeded  in  removing  entirely,  even  by 
repeated  treatment  of  the  filings  with  ether  or  benzine  and  alcohol. 

"May  not  the  large  nitrogen-content,  sometimes  found  by  earlier  investigators  in  various 
kinds  of  iron,  be  due  to  a  neglect  of  these  considerations  f  " 

I  have  italicized  the  final  paragraph,  because,  although  only  a 
modest  suggestion,  it  seems  to  me  to  have  almost  the  force  of  a 
demonstration.  The  suggestion  that  nitrogen  in  steel  has  some  im- 
portant influence  upon  its  quality,  has  been  repeatedly  advanced  in 
the  past,  and  still  recurs  from  time  to  time. 

Prof.  Ledebur  proceeds  to  discuss  with  equal  thoroughness  the 
question  of  moisture  in  the  drillings,  showing  how  easily  moisture  is 
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absorbed,  and  with  what  difficulty  it  is  completely  removed.  Eveu 
at  121°  C,  he  says,  neither  water  nor  the  benzine  used  in  cleaning 
from  grease  will  entirely  disappear.  He  recommends,  therefore,  the 
final  treating  of  the  drillings  to  glowing,  in  a  stream  of  pure,  dry 
nitrogen.  This  is  the  part  of  his  method  which  Mr.  Lantz  says  is 
omitted  at  Peine,  being  deemed,  doubtless,  a  refinement  unnecessary 
in  general  practice. 

The  drillings  being  thus  prepared,  the  oxygen  is  determined  by 
heating  them  to  glowing  in  a  stream  of  hydrogen  gas,  and  collecting 
the  water  thus  formed  in  a  weighed  absorption-tube.  The  result  is 
checked  by  comparing  the  loss  of  weight  in  the  drillings  with  the 
gain  in  the  absorption-tube.  Omitting  the  details  of  this  operation, 
I  give  in  Table  III.  the  summarized  results  of  various  analyses  re- 
ported by  Prof.  Ledebur,  which  show  the  range  of  the  percentage 
of  oxygen  in  various  kinds  of  iron. 


Table  III. — Determination  of  Oxygen  by  Prof. 

A.  Ledebur. 

i. 

IT. 

III. 

IV. 

v. 

VI. 

None. 

0.035 

0.047 

0.068 

0.111 

1 

0.515 

I.  Cray  Pig-iron. — This  result  was  foreseen,  but  it  serves  to  show  that  the  amounts 
of  oxygen  found  in  other  irons  are  not  due  to  foreign  sources  (scale,  etc.,  from  the 
61es,  adheringair  on  the  filings,  etc-). 

II.  Open-Hearth  Steel  from  Oberhausen. — An  average  of  two  determinations,  giv- 
ing respectively  0.032  and  0.038  per  cent. 

III.  Ingot-Iron  from  Bochum. — An  average  of  two  determinations,  giving  re- 
spectively 0.053  and  0.042  per  cent. 

IV.  Thomas  Steel:  Ladle- Test  Before  Complete  Dephosphorization  ;  from  the  Rhine 
Steel-Works. — An  average  of  two  determinations,  giving  respectively  0.069  and 
0.067  per  cent. 

V.  The  Same,  After  Complete  Dephosphorization  and  Before  the  Addition  of  Spiegel. — 
An  average  of  two  determinations,  giving  respectively  0.126  and  and  0.096  per  cent. 
The  difference  between  the  two  determinations  in  this  case  may  have  been  possibly 
due  to  the  unequal  distribution  of  the  oxygen  in  the  two  samples.  At  least,  the 
same  difference  in  loss  of  weight  was  found  upon  weighing  the  drillings  after  com- 
bustion. 

VI.  Wrought- 1  on  from  Gutehoffnitngshutte.—  An  average  of  three  determinations, 
giving  respectively  0.507,  0.515  and  0.524  per  cent.  The  large  proportion  of  oxy- 
gen in  this  wrought-iron,  which  may  be  surprising  to  many,  is  easily  explained 
upon  consideration  of  the  abundance  of  slag  which  is  usually  mixed  with  all 
wrought-iron. 

I  have  subdivided  into  three  or  four  groups,  under  each  element 
considered,  the  408  tests  given  in  my  paper  read  at  the  Chicago 
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meeting  (Trans,  xxiii.,  113).  In  some  cases,  this  does  not  give  as  many 
tests  as  could  be  desired,  from  which  to  calculate  averages.  All  the 
results,  however,  are  shown  in  Tables  IV.,  V.  and  VI.,  which  ex- 
hibit, first,  the  number  of  tests  in  each  group,  with  the  averages  of 
the  actual  ultimate  strengths,  and  next  the  averages  of  the  estimated 
strengths.  These  are  deducted  from  the  actual  ultimates,  and  the 
differences  are  given  with  their  proper  signs.  All  the  above  results 
are  given  for  each  mill  in  Tables  IV.  and  V.,  and  for  both  mills 
in  Table  VI. 

Table  VI.  exhibits,  under  the  same  grouping,  the  percentage  of 
tests  that  came  within  =b  3000,  ±  4000,  and  ±  5000  pounds  of  the 
estimated  ultimate  strengths.  It  has  been  my  endeavor,  in  these 
tables  of  averages,  to  bring  out  clearly  the  effect  of  each  element,  in 
order  to  investigate  it  further. 

An  inspection  will  show  that  the  estimated  ultimates  agree  very 
closely  with  the  actual  ultimates.  An  exception  to  this  is  the  group 
of  actual  ultimates  of  over  70,000  pounds,  which  indicates  that 
the  table  of  estimated  ultimates  is  not  as  accurate  for  high  steels  as 
for  low  ;  although,  after  making  corrections  for  size  of  plates,  the  re- 
sults are  materially  improved.  But,  in  order  to  settle  this  matter, 
the  tests  were  grouped  by  their  calculated  ultimates  and  the  results 
then  show  that  the  table  is  just  as  accurate  for  high  steel  as  low. 

The  practical  application  at  the  works  of  the  Pottstown  Iron  Com- 
pany, of  my  table  of  estimated  ultimate  strengths  in  the  manufacture 
of  steel,  has  given  very  satisfactory  results.  Out  of  the  last  one  thous- 
and blows  graded  in  this  way,  98  per  cent,  met  the  requirements  in 
every  respect,  and  were  accepted.  Having  the  same  standard  of 
comparison  in  use  in  all  departments,  gives  a  close  check  on  each 
step  in  the  process  of  manufacture,  and  has  enabled  us  to  improve 
greatly  the  quality  and  uniformity  of  the  finished  product.  If  a 
blow  does  not  give  the  results  indicated  by  its  chemical  composition, 
we  follow  it  back  through  each  process  of  manufacture;  and,  if  the 
cause  of  the  trouble  is  not  made  apparent,  we  have  a  complete 
analysis  made  of  the  drillings  from  broken  test-pieces  and  are  then 
generally  able  to  locate  the  trouble. 

When  rolling  heavy  steel  plates,  trouble  is  often  caused  by  finish- 
ing at  too  high  a  temperature,  which  gives  a  material  with  crystal- 
line fracture,  poor  reduction  and  poor  bends.  In  order  to  guard 
against  this,  and  control  the  finishing-temperature,  we  use  very  light 
drafts  in  rolling,  and  produce  as  good  results  in  heavy  plates  as  in 
light  ones. 


THE    PHYSICS    OF    STEEL. 


795 


Table  IV. — Summary  of  Averages  of  Universal  Mill  Tests. 


em 

O 

u  w 

•2  ^ 

Ultimate  Strengths. 
Pounds  per  square  inch. 

Actual. 

Calcu- 
lated. 

Difference. 

Per  cent. 

Carbon 06  to  .09 

10  to  .12 

67 
82 
22 

55,721 
61,250 
65,298 

56,119 
61,516 
65,749 

—  398 

—  266 

—  451 

13  to  .18 

«       04  to  .059 

27 
90 
54 

57,480 
58,819 
61,976 

57.292 
59,554 
61,927 

+     188 
—    735 
+      49 

06  to  .079 

04  to  .069 

57 

82 
32 

55,468 
60,019 
65,911 

56,092 
60,589 
65,164 

—  624 

—  570 
+     747 

—  17 

—  558 

—  387 

07  to  .099 

40  to  .549 

57 
78 
36 

56,938 
59,973 
63,028 

56,955 
60,531 
63,415 

«          55  to  .75  

Pounds. 
Actual  iiltimates 46,0(  0  to  54,000 

62,000  to  70,000 

Over  70,000        

30 
89 
42 
10 

51,647 

58,415 
64,509 
73,461 

53,561 
59,607 
62,663 
70,703 

—  1914 

—  1192 
+  1846 
-f-  2758 

Estimated  ultimates....46,000  to  54,000 

....54,000  to  62,000 
...6-J,000  to  70,000. 
...Over  70,000        

21 

95 

51 

4 

29 

101 

36 

5 

52,241 
58,356 
63,717 
75,450 

52,389 

58,602 
64,452 
74,062 

—  148 

—  246 

—  735 

+  1388 

Estimated  iiltimates, 

corrected  for  size... 46,000  to  54  000 
Estimated  iiltimates, 

corrected  for  size.. .54,000  to  62,000 

Estimated  ultimates, 

corrected  for  size... 62,000  to  70,000 

Estimated  ultimates, 

corrected  for  size. ..Over  70,000        

52,277 
59,165 
64,615 
74,916 

51,778 
58,520 
64,407 
73,910 

+     499 
+     645 
+     208 
+  1006 

Inch. 
"                                           3  tn       7 • 

7 
48 
54 
62 

65,530 
61,961 
58,733 
57,869 

iir,,:,:;i) 
61,961 
58,733 

57,8(ill 

59,604 

61,921 
61,558 
59,516 

58,848 

+  3609 
-+     403 

—  783 

—  979 

f  to  1      

Thickness,  corrected  for  size. .Under  f 

a                        «                  «             3   tn         7 

••8    l°        TS 

"          -i  tO       T96 

"        .-l-tol       

7 
48 
54 
62 

171 

64,921 
61,350 

58,484 
.-,7,<  >sc, 

+     609 
+     611 
+     249 

+     783 

All  tests 

59,946 

—    342 

171 

59,604 

59,045 

+     559 

796 
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Table  V. — Summary  of  Averages  of  Sheared  31111  Tests. 


Per  cent. 

Carbon 06  to  .09. 

10  to  .12. 

13  to  .18. 


Sulphur Under  .04. 

04  to  059 

....06  to  .079. 


Phosphorus Under  .04. 

04  to  .069. 

07  to  .099. 


Manganese Under  .40. 

40  to  .549. 

55  to  .75  . 


Pounds. 

Actual  ultimates 46,000  to  54,000. 

54,000  to  62,000. 

62,000  to  70,000. 

'■ Over  70  000 

..46,000  to  54,000. 
..54,000  to  62,000. 
..62,000  to  70,000. 
..Over  70,000 


Estimated  ultimates 


Estimated  ultimates, 

corrected  for  size.. .46,000  to  54,000 

Estimated  ultimates, 

corrected  for  size... 54,000  to  62;000 

Estimated  ultimates, 

corrected  for  size. ..62,000  to  70,C00 

Estimated  ultimates, 

corrected  for  size. ..Over  70,000         


Inch. 
Thickness...., Under  f. 


to   1 


Thickness,  corrected  for  size.. Under  f 

•  •  8   LO   15 
u  <i  <i  1   tn     9 

«         ..|  to    1 


All  tests. 


All  tests  corrected  for  size., 


SH 


104 
98 
35 


53 
94 
90 


91 
106 

37 

84 
113 

40 


48 
123 

46 
20 


37 

135 

56 

9 


19 

154 

37 

27 


19 

154 

37 

27 


237 


237 


Ultimate  Strengths. 
Pounds  per  square  inch. 


Actual. 


55,436 
61,159 
67,927 


55,869 
59  302 
62  234 


55,510 
60,913 
66,532 


56,074 
61,524 
61,853 


51,605 
58,541 
65,685 
71,863 


51,858 
58,429 
65,911 
70,974 


52,016 
58,381 
65,586 
71,622 


64,075 
59,127 
58,372 
61,247 
64,075 
59,127 
58,372 
61,247 


59,648 


59,648 


Calcu- 
lated. 


55,316 
60,806 


55,748 
59,024 
61,704 


55,758 

60  397 
65.212 


55,728 
60,836 
62,517 


53,110 

58,628 
65,^39 
68,809 


52,148 
58,098 
64,900 
72,130 


52,049 
58,048 
64,898 
72,076 


61,260 
58,679 
58,899 
62,090 


64,576 
58,821 
57,899 
60,479 


59,309 


59,327 


Difference. 


4-  120 

+  353 

945 


+ 

121 

+ 

278 

+ 

530 

— 

248 

+ 

516 

+ 

1320 

+ 

346 

+ 

688 

— 

664 

—  1505 

—  87 
+  46 
+  3054 


—  290 
+  331 

r  1011 

—  1156 


—  33 

+  333 

+  688 

—  454 


+  2S15 
+  448 

—  527 

—  843 


—  501 

+  306 

+  473 

+  768 


4-  339 


+ 
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Table  VI. — Summary  of  Averages  of  408  Teats  of  Both  Mills. 


r 


Ultimate 
Strengths. 

Pounds  per  sq.  in. 


j-  J 


.  g      After  making  correc- 
=  —     tions  for  size  of  Plate. 


Carbon 06  to  .09 171  55,548  55,630  —     82i 

10  to  .12 180  61,200  61,130+      70 

"       13  to  .18 !     57  66,912  66,506+    406 


74.3 
70.6 
61.4 


Sulphur Under. 04 i    80  56,413  56,268  +    145 

04  to  .059 184  59,065  59,283—    218 

06  to  .079 144  62,138  61,788+    350 


Phosphorus Under  .04 15155,494  55.884—   390 

04  to  .069 188  60,523  60,480+     43 

07  to  .099 69  66,244  65,190  -  1054 


Manganese Under  .40 141  56,423156,224  +    199 

40  to  .549 191  60,891  60.711  +    180 

55  to  .75  76  62,409  62,942—    533 


83.8 
72.8 
61.1 


76.9 

6v» 
62.6 


73.0 
70.2 

68.4 


88.3 

82.8 
75.4 


93.8 
86.4 
75.7 


84.6 
70.1 


95.3 
94.4 


96.3 
94.0 
89.6 


89.5  per  cent,  came  with 
in  5000  pounds,  being  a 
gain  of  8.8  per  cent, 


84.4 
85.3 
80.3 


93.4 
95.2 

85.5 


92.9 
92.7 

93.4 


93.1  percent,  came  with 
in  5000  pounds,  being  a 
gain  of  3.5  per  cent. 

92.8  per  cent,  came  with 
in  5000  pounds,  being  i 
gain  of  7.3  percent. 


Pounds. 

Actual  ultimates 46,000  to  54,000 78  51,609  53,283  — 1674  74.4  8S.5  94.9 

54,000  to  62.000 212  58,493  59,039—   546  76.9  91.0  96.2 

62,000  to  70.i«Xi 88  6-^,12463,083  +  2041  61.2  73.9  89.8 

Over  70,000 


Estimated  ultimates 46,000  to  54,000.. 


30  72,398  69,441+2957   46.7   56.7    73.3  90.0 per  cent,  came  with- 
in SOOOpounds,  being  a 


5S 


gain  of  16.7  per  cent. 


51,997  52,235 


..54,000  to  62,000 230  5S,399  58.306  + 

..62,000  to  70,000 107  64,866  64 


..Over  70,000 


13  72,352  72,725 


238  84  5  100.0  100.0 

93  71.7    83.0    93.5 

180  60.7    76.6    86.9 

373  76.9    92.3100.0 


79.1    94.0  100.0 


Estimated  ultimates, 

corrected  for  size 46,000  to  54,000 67  52,129  51,931+   198 

Estimated  ultimates, 

corrected  for  size 54,000  to  62,000 234  58,719  58,252+    467    74.9   90.1    94.4 

Estimated  ultimates 


corrected  for  size 62,000  to  70,000. 

Estimated  ultimates, 

corrected  for  size Over  70,000 


91  65,202  64,703  +    499 
16  72,653  72,424  +    229 


6S.1    S3. 5    91.2 
93. S  100.0  100.0 


Inch. 

Thickness Under  § 26  64,466  61,438  +  3028 

"           itofk    202  59,800  59,363+    437 

"           it0i9s    9158,586  59,265—   679 

ftol     89  58,894  59,832—    938 


Thickness,  corrected  for  size... .Under  f . 

"       ....§  to  A    • 

....$  to  &    . 

"       ....|to  1     . 


All  tests. 


All  tests,  corrected  for  size. 


26  64,466  64.669—  203 

202  59 ,  800  59 ,  422  +  378 

91  58,586  58,246  +  340 

89  58,894  58,116  +  778 


408  59,629  59,57(1  +      53 


26.9 
74.3 
73.6 
73.0 


80.8 
73.8 
81.3 
68.5 


70.8 


159,629  59,209+    420    74.7    89.7    94.9 


50.0  80.8 

87.1  94.1 
92.3  98.9 
78.7  ^7.7 


92.3  92.3 
89.1  94.6 
92.3  98  9 
92.1 


84.1    92.9 
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BECENT  ADVANCES  IN  PYEOMETBT. 

Discussion  of  the  paper  of  Prof.  Roberts- Austen.      (See  vol.  xxiii.,  407.) 
(Virginia  Beach  Meeting,  February,  1894.) 

President  H.  M.  Howe,  Boston,  Mass.  (communication  to  the 
Secretary)  :  Le  Cliatelier's  pyrometer  is  certainly  a  most  convenient 
and  accurate  instrument  for  the  laboratory,  and  one  that  may  be 
used  under  some  conditions  in  the  mill.  I  have  used  it  for  several 
years  and  with  great  satisfaction.  Like  Prof.  Roberts-Austen  and 
unlike  Herr  Blass,  I  have  always  found  that  its  indications  remain 
constant  over  long  periods. 

Like  Prof.  Roberts -Austen,  also,  I  find  it  possible,  in  a  quiet 
place,  to  read  with  extreme  accuracy ;  and,  by  the  use  of  a  telescope, 
I  can  read  temperatures  to  within  a  degree,  for  some  delicate  deter- 
minations which  I  have  in  hand.  Variations  in  the  temperature  of 
the  room  affect  the  readings  of  the  instrument  far  less  than  one 
would  expect. 

When  the  current  is  cut  off,  the  mirror  does  not  always  return 
exactly  to  the  same  place;  in  other  words,  the  zero  shifts  appre- 
ciably, and  must  be  determined  often,  indeed  every  few  hours  if 
accuracy  be  desired.  In  some  cases  I  have  had  it  determined 
within  a  very  few  minutes  of  every  important  reading.  To  this  end 
a  switch  should  be  introduced,  so  that  the  circuit  may  be  broken 
readily.  With  this  arrangement  we  can  determine  accurately  the 
position  of  the  zero  within  a  very  few  seconds  of  the  time  of  taking 
any  especially  important  reading. 

The  chief  causes  of  the  variation  of  the  zero  which  I  have  noticed 
are  as  follows : 

a.  The  suspension  may  not  be  tight  enough,  so  that  the  mo- 
mentum of  the  galvanometer  frame  as  it  swings  makes  its  support- 
ing wires  slip  in  their  bearings. 

b.  Changes  in  the  position  of  neighboring  iron  objects  may  deflect 
the  mirror. 

c.  Changes  in  the  temperature  of  the  room  may,  perhaps,  change 
the  torsion  of  the  suspension  wires,  and  so  shift  the  mirror. 

d.  Dust  may  attach  itself  to  the  galvanometer  frame,  and  by  fric- 
tion against  the  surrounding  fixed  parts  of  the  galvanometer,  may 
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influence  the  position  to  which   the  frame  and    mirror  swing  when 
the  current  is  broken. 

I  think  that  many  people  who  have  used  this  instrument  have 
paid  insufficient  attention  to  the  influence  of  the  leads.  The  tem- 
perature of  the  thermo-junction,  which,  of  course,  is  that  which  the 
instrument  indicates,  is  by  no  means  necessarily  that  of  the  imme- 
diately surrounding  objects.  The  leading-in  wires  or  "  leads," 
unless  they  are  very  fine,  may  conduct  heat  away  from  the  thermo- 
junction,  or  to  it,  in  very  considerable  amount,  and  grave  errors  may 
thus  be  caused. 

Two  precautions  against  this  trouble  are  to  use  very  thin  wires 
for  the  leads  ;  and  to  arrange  matters  so  that  the  leads,  for  a  con- 
siderable distance  on  either  side  of  the  thermo-junction  shall  be  very 
nearly  at  its  temperature. 

To  illustrate  this  latter  point,  let  us  take  the  case  of  determining 
the  melting-point  of  small  masses  of  metal,  as  for  instance  in  cali- 
brating the  instrument  itself.  We  are  usually  told  that  the  metal, 
the  melting-point  of  which  is  to  be  determined,  should  be  wrapped 
about  the  thermo-junction,  and  the  whole  imbedded  in  powdered 
clay,  sand,  or  other  slow  conductor  of  heat.  The  temperature  of 
the  whole  is  then  raised  gradually ;  as  it  passes  the  melting-point  of 
the  metal  its  rise  is  arrested  or  retarded. 

Though  this  method  gives  very  fair  results,  on  reflection  we  see 
that  it  is  radically  wrong,  and  on  trial  we  find  that  a  more  rational 
method  gives  incomparably  sharper  and  better  results.  Surrounding 
the  metal  with  a  powdered  substance  which  is  a  slow  conductor  im- 
plies that  the  isotherms  shall  be  near  together,  or,  in  other  words,  that 
neighboring  parts  of  the  surrounding  mass  shall  differ  considerably 
in  temperature.  As  this  surrounding  mass  of  clay  or  sand  embraces 
the  leads  closely,  even  close  to  the  thermo-junction,  this  in  turn  im- 
plies that  the  temperature  even  of  those  parts  of  the  leads  which  are 
near  the  thermo-junction,  may  differ  considerably  from  that  of  the 
thermo-junction  itself:  or,  in  other  words,  that  the  leads  may  con- 
duct heat  seriously  to  or  from  the  thermo-junction,  the  temperature 
of  which  will  thus  differ  from  that  of  the  metal  under  observation. 

If,  however,  we  wrap  some  sheet  asbestos  about  the  thermo-junc- 
tion and  the  enclosing  metal,  we  surround  the  whole  with  a  small 
air-chamber,  the  temperature  in  this  chamber  will  be  nearly  uni- 
form, the  asbestos  will  touch  and  affect  the  leads  but  little,  and  they 
will  be  thus  at  almost  the  same  temperature  as  the  thermo-junction. 
Then  we  may  surround  this  asbestos  envelope  with  our  clay  or  sand, 
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simply  so  as  to  have  a  mass  which  changes  but  slowly  in  tempera- 
ture. 

We  may  divide  pyrometers  into  two  classes,  those  in  which  some 
object  must  be  brought  to  the  high  temperature  which  is  to  be 
measured,  and  those  in  which  this  is  not  necessary.  Two  of  the 
important  groups  of  methods  which  belong  to  the  first  of  these 
classes — the  calorimetric  method,  in  which  a  ball  of  platinum,  iron 
or  copper  is  brought  to  this  temperature,  then  plunged  in  a  known 
volume  of  water,  the  rise  of  temperature  of  which  indicates  the 
previous  temperature  of  the  ball,  and  the  method  of  noting  which 
of  a  series  of  alloys  or  of  clay  cones  melt  or  soften — have  the  dis- 
advantage that,  to  bring  the  ball,  alloy  or  cone  to  the  temperature 
which  is  to  be  determined,  requires  a  length  of  time  that  is  usually 
inconvenient  and  often  cannot  possibly  be  provided.  In  the  usual 
thermo-electric  and  electric- resistance  pyrometers,  like  Le  Chate- 
lier's  and  Siemens',  this  difficulty  is  avoided,  because  in  them  we 
have  only  to  bring  a  fine  wire  to  this  high  temperature.  But  in 
many  cases  even  this  is  difficult  or  impossible — as,  for  instance, 
when  we  seek  the  temperature  of  a  bar  or  sheet  in  the  rolls. 

But  even  where  this  is  practicable,  these  methods  have  other  in- 
conveniences. Of  what  can  we  make  our  wire?  Of  course,  wires 
of  iron  or  of  copper  would  be  destroyed  at  high  temperatures. 
Platinum,  to  which  we  naturally  turn,  itself  is  rapidly  destroyed  at 
very  high  temperatures,  by  contact  with  another  metal,  or  with  car- 
bonaceous or  with  siliceous  substances.  Contact  with  brickwork  is 
fatal,  and  the  spattering  of  fine  specks  of  hot  metal  and  the  deposi- 
tion of  ash  or  of  carbon  from  the  flame  may  well  be.  I  have  never 
had  any  difficulty  from  this  source  at  a  yellow  heat  or  at  any  lower 
temperature;  but  once  the  temperature  reaches  whiteness,  contact 
with  brickwork  destroys  platinum  with  a  rapidity  which  increases 
markedly  with  further  rise  of  temperature.  We  can,  indeed,  pro- 
tect our  platinum  by  lime,  and  probably  by  either  magnesia  or  cal- 
cined dolomite.  Were  this  done,  the  wires  should  be  made  thin, 
lest  their  conductivity,  which  is  very  high  relatively  to  that  of  the 
lime  covering,  prevent  the  thermo-j unction  from  reaching  the  tem- 
perature which  is  to  be  determined. 

Another  and  very  serious  trouble  with  thermo-electric  pyrometers 
is  that  we  have  at  present  no  galvanometer  which  is  at  once  adapted 
to  their  feeble  currents  and  suited  to  industrial  uses.  In  order  to 
measure  the  very  slight  currents  which  the  thermo-electric  couple 
sets  up,  we  use  reflecting  galvanometers.     With  these  we  do  not 
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measure  directly  the  slight  deflection  of  the  galvanometer-needle, 
but  the  enormously  greater  travel  of  a  beam  of  light  reflected,  from 
a  mirror  attached  to  this  needle,  upon  a  scale  at  a  considerable  dis- 
tance. The  jarring  caused  by  machinery  or  by  passing  trains  or 
wagons  may  make  the  galvanometer-mirror  tremble  so  that  we  read 
only  with  difficulty  the  movements  of  the  ray  of  light  which  it 
reflects.  Where  the  jarring  is  not  immoderate,  careful  adjustment 
of  the  suspension  has  enabled  me  to  read  with  fair  accuracy  even 
with  Deprez-D' Arson val  galvanometers  of  the  common  form.  Jar- 
ring as  severe  as  that  caused  by  heavy  steam-hammers  might,  in- 
deed, prevent  our  reading  with  such  instruments  satisfactorily. 
Further,  the  difficulty  which  attends  re-calibrating  and  adjusting 
these  instruments  is  an  extremely  serious  obstacle  to  their  use  in 
industrial  establishments. 

Thus,  if  the  thermo-electric  method  is  to  be  used  widely  in  facto- 
ries, we  need  urgently  some  more  simple  and  portable  galvanometer. 
Aperiodic  or  "dead-beat"  ammeters  are  now  made  which  are  sim- 
ple and  portable,  and  which  might  be  used  for  this  purpose  if  they 
were  made  more  delicate,  so  that  the  slight  current  which  our 
thermo-electric  couple  sets  up  should  produce  a  large  deflection  of 
their  needle. 

They  indicate  the  current,  and  they  would  indicate  the  tempera- 
ture, not  by  the  deflection  of  a  beam  of  light,  but  by  the  movement 
of  an  indicating  pointer  or  hand  like  that  of  a  pressure-gauge. 

Such  an  arrangement  would  have  the  advantage  that  its  indica- 
tions could  be  made  autographic  by  pencil  or  pen,  instead  of  by  the 
photographic  method,  which,  in  spite  of  Prof.  Roberts-Austen's 
great  ingenuity  and  skill,  is  certainly  far  less  convenient.  Indeed, 
I  understand  that  since  the  paper  under  discussion  was  written,  he 
has  brought  out  a  galvanometer  for  this  purpose  which  gives  an 
autographic  pen-record. 

Let  us  now  turn  to  the  second  class  of  pyrometers,  those  which  do 
not  require  that  any  substance  be  heated  to  the  temperature  under 
examination.  It  seems  to  me  that  this  very  fact  of  not  having  to 
heat  anything  to  the  high  temperature  in  order  to  measure  it  should 
'give  this  class  of  methods  easy  and  wide  application.  In  this  second 
class  are  the  pyrometers  which  measure  the  heat  or  light  radiated 
from  the  hot  space  or  object.  Passing  by  the  photometric  group, 
which  includes  an  optical  pyrometer  of  Le  Chatelier  which  Roberts- 
Austen  describes,  it  should  be  practicable  to  devise  means  of  meas- 
uring the  radiated  heat.     We  can  do  this  by  allowing  the  heat  to 

VOL.  XXIV. — 51 


802 


RECENT   ADVANCES    IX    PYROMETRY. 


strike  against  a  thermo-electric  junction,  though  here  again  we  have, 
in  case  of  jarring  from  steam-hammers  or  other  sources,  to  contend 
with  the  trembling  of  the  galvanometer  mirror,  or  by  allowing  it  to 
strike  against  a  thermometer  bulb.  In  this  case  the  temperature  of 
the  furnace  or  hot  object  can  be  read  directly  on  the  thermometer 
scale,  which,  of  course,  must  first  be  calibrated  by  some  direct 
method.  The  chief  thing  to  bear  in  mind  in  designing  such  an  in- 
strument is,  that  the  thermal  conditions  surrounding  the  thermo- 
electric couple  or  thermometer  bulb,  as  the  case  may  be,  must  be 
constant,  so  that  its  indications  may  be  due  only  to  the  heat  radiated 
to  it  by  the  hot  object,  and  may  not  be  influenced  by  variations  in 
the  transfer  of  heat  between  itself  and  other  objects.  To  that  end 
it  may  be  enclosed  in  a  water-jacketed  case  on  all  sides  except  that 
nearest  the  hot  object. 


Furnace 

F 


Plate  of 
rock  salt  or  glass 


r-Jl-L 


w 


0* 


u 


6 


Stream  of 
cooling  water 

Suggested  Design  for  a  Pyrometer. 


I  give  here  a  sketch  of  a  first  approximation  in  the  design  of  such 
a  pyrometer  for  determining  the  temperature  of  large  spaces,  such  as 
the  interior  of  an  annealing  or  heating  furnace,  regenerator,  etc. 

Within  the  water-jacketed  box,  D,  stands  the  high-temperature 
thermometer  or  its  equivalent,  E.  On  the  bulb  of  this  the  heat 
radiated  from  the  interior  of  the  furnace  strikes  after  passing  through 
the  water-jacketed  tube,  C,  and  through  the  diathermic  plate,  G.  As 
the  temperature  of  the  furnace  rises  and  falls,  so  the  amount  of  heat 
which  would  be  radiated  from  the  furnace  upon  G  would  increase 
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or  diminish,  and  so  would  the  quantity  of  heat  which  would  strike 
on  the  bulb,  E. 

In  order  that  no  variable  other  than  the  quantity  of  heat  radiated 
from  the  furnace  upon  E  shall  influence  the  temperature  of  the  latter, 
we  must  guard  against  convection  currents,  and  we  must  make  the 
temperature  of  the  walls  of  the  tube,  C,  and  of  the  vessel,  D,  constant. 
This  we  can  readily  do  by  water-jacketing  them  as  I  have  shown, 
and  by  keeping  their  temperature  constant  by  means  of  a  stream  of 
cooling  water  regulated  by  the  cock,  B,  and  the  thermometer,  A. 
The  convection  currents  we  should  prevent  by  means  of  a  diather- 
mic plate,  G.  The  ideal  substance  of  which  to  make  this  would  be 
rock  salt,  on  account  of  its  high  diathermancy.  But  it  may  not  be 
practicable  to  get  and  maintain  suitable  pieces  of  salt.  For  most 
cases  a  very  thin  sheet  of  glass  would  probably  do,  though  mica, 
smoky  quartz,  and  several  other  minerals  suggest  themselves. 

Instead  of  the  thermometer  bulb,  E,  we  may  use  its  equivalent  in 
some  modification  of  the  bolometer  of  Prof.  S.  P.  Langley ;  or,  for 
that  matter,  a  simple  thermo-junction.  A  modification  of  the  bo- 
lometer would  seem  to  be  particularly  appropriate  for  such  a  pur- 
pose. At  first  it  seems  better  that  the  walls  of  D  should  be  polished 
and  those  of  C,  rough  ;  but  further  consideration  may  show  that  this 
is  not  right. 

The  nearer  the  temperature  of  E  comes  to  that  of  the  furnace  the 
smaller,  probably,  will  be  the  error.  Hence  the  importance  of 
making  G  very  diathermic.  To  the  same  end  it  might  be  well  that 
G  should  be  in  the  form  of  a  lens.  It  should  be  arranged  for  ready 
removal,  cleaning  and  replacement,  as  I  have  sketched. 

This  apparatus  would  give  relative  results,  but  its  indications  may 
be  calibrated  so  as  to  give  absolute  temperatures,  by  once  for  all 
determining  the  temperature  of  the  furnace  independently  by  some 
other  pyrometer,  such  as  Le  Chatelier,  a  calorimetric  one,  etc. 

Such  an  instrument  should  be  now  more  easy  of  construction  than 
formerly,  because  we  now  have  mercurial  thermometers  that  read  to 
relatively  high  temperatures.  Both  Queen,  and  Hohmann  &  Mau- 
rer  (Plymouth  and  Jay  Streets,  Brooklyn,  N.  Y.),  make  mercurial 
thermometers  reading  to  relatively  high  temperatures,  even  as  high 
as  750°  F.  (400°  C).  We  are  promised  a  mercurial  thermometer 
which  will  read  to  550°  C.  (1022°  F.). 

The  objections  which  might  occur,  that  the  diathermic  plate,  G, 
might  transmit  a  different  proportion  of  the  radiated  heat  for  differ- 
ent temperatures  of  the  furnace,  and  that  its  diathermancy  would 
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vary  with  its  own  temperature,  on  reflection  we  see  are  not  valid, 
because,  for  the  same  temperature  of  the  furnace,  F,  the  transmission 
of  heat  would  be  the  same.  These  variables  would  be  met,  and, 
therefore  unconsciously  allowed  for  in  the  calibration  itself. 


THE  TAYLOB  QAS-PBODUCEB  AND  THE  COALS  OF 
ILLINOIS  AND  MONTANA. 

Continued  Discussion  of  Mr.  Stetefeldt's  paper.     (See  vol.  xxiii.,  pp.  134  and  585.) 

(Bridgeport  Meeting,  October,  1894.) 

W.  H.  Blauvelt,  Great  Falls,  Montana  (communication  to  the 
Secretary):  In  his  remarks  on  Mr.  Stetefeldt's  paper  (Trans.,  xxiii., 
587),  Mr.  Goetz  observes: 

"Trouble  experienced  with  producers  at  Great  Falls  influenced  me  to  try  Taylor 
producers  instead  of  those  of  Wellman.  But  recent  reports  show  that  the  Wellman 
producers  work  better,  besides  costing  nearly  50  per  cent,  less  than  Taylor  produ- 
cers of  equal  capacity.  Indiana  and  Illinois  coals  cannot  be  used  in  the  Taylor 
producers  by  reason  of  the  large  size  and  hardness  of  the  clinkers  which  they 
form." 

I  think  that  Mr.  Goetz  must  have  been  misinformed  regarding 
the  work  of  this  producer  in  Illinois.  One  of  the  large  manufac- 
turing concerns  in  that  State,  the  Illinois  Zinc  Company,  situated 
at  Peru,  which  uses  a  coal  mined  in  the  vicinity,  tried  one  Taylor 
producer,  some  four  years  ago,  in  competition  with  those  of  an  older 
type,  which  it  had  been  using.  As  a  result  of  this  trial,  the  com- 
pany has  now  thirteen  Taylor  producers,  which  have  been  in  opera- 
tion for  about  three  years.  A  recent  report  from  these  works  says 
that  the  Taylor  producers  have  largely  reduced  the  loss  of  coal 
through  the  grate,  and  have  also  improved  the  quality  of  the  gas, 
as  compared  with  that  produced  from  the  same  coal  in  the  pro- 
ducers of  the  older  type. 

This  Illinois  coal  is,  perhaps,  the  worst  in  the  country  for  making 
gas ;  since,  besides  containing  from  20  to  40  per  cent,  of  ash,  it  car- 
ries a  large  quantity  of  pyrites,  so  that  the  clinkers  are  large  and 
extremely  hard,  and  the  capacity  of  the  producer  is  most  severely 
tested. 
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A  water-jacket,  of  a  design  similar  to  those  that  have  been  so  suc- 
cessful in  gasifying  the  ashy  clinkering  coals  of  Montana,  was  used 
for  a  time  on  one  of  these  producers ;  but,  by  reason  of  a  prolonged 
illness  of  the  superintendent  occurring  just  at  that  time,  no  conclu- 
sive results  were  reached,  although,  from  experience  obtained  else- 
where, it  is  probable  that  the  use  of  the  water-jacket  would  have 
been  decidedly  advantageous. 

For  the  easier  removal  of  the  clinkers  from  the  walls,  this  com- 
pany has  introduced  in  the  brick-work,  at  the  point  where  the  clink- 
ering was  worst,  a  number  of  openings,  which  have  been  found  very 
helpful. 

At  the  plant  in  Great  Falls,  Montana,  to  which  Mr.  Goetz  refers, 
recent  improvements  have  brought  the  work  of  the  Taylor  produ- 
cers up  to  a  quite  satisfactory  condition.  Greater  familiarity  with 
the  apparatus  has  enabled  the  operators  to  overcome  the  difficulties 
formerly  encountered  ;  and  the  inferior  and  smaller  grades  of  fuel 
are  now  used  without  trouble,  yielding  a  uniform  supply  of  gas  of 
good  quality. 

Now  that  these  Taylor  producers  at  Great  Falls  are  properly  run, 
they  show  the  same  superiority  over  the  other  type  represented  in 
that  plant,  as  do  those  in  Illinois.  The  gas  is  of  better  quality  and 
the  coal-loss  through  the  grate  is  much  smaller.  Indeed,  in  the  case 
of  this  plant,  the  loss  is  almost  nil. 

These  Taylor  producers  at  Great  Falls  are  nearly  all  water-jack- 
eted, and  the  plant  shows  conclusively  the  advantage  of  this  device 
where  the  ash  clinkers  seriously,  as  there  are  still  a  sufficient  number 
of  producers  lined  with  brick  to  permit  a  careful  comparison. 

When  the  clinkers  found  are  very  large  and  hard,  the  revolving 
bottom  is  not  as  useful  as  it  is  when  the  better  coals  of  the  East  are 
available;  and  it  would  probably  be  advisable,  in  some  cases,  to 
build  the  producer  with  a  stationary  bottom,  retaining  the  valuable 
features  of  the  central  air-supply  and  deep  ash-bed.  This  modifi- 
cation would  have,  moreover,  ihe  advantage  of  materially  lessening 
the  cost  of  the  Taylor  producer. 
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Continued  Discussion  of  the  Paper  of  Mr.  T.  A.  Rickard.     (See  vol.  xxiii., 

137  and  545.) 

(Bridgeport  Meeting,  October,  1894.) 

Note  by  the  Secretary. — In  the  preceding  communication 
of  Mr.  Rickard,  in  the  present  discussion,  as  printed  in  Trans.,  xxiii., 
the  loss  of  quicksilver  at  Pestarena,  reported  on  p.  569,  as  230  and 
234  grammes  per  metric  ton,  is  stated  as  equivalent  to  about  Im- 
pounds per  short  ton  avoirdupois — an  obvious  error,  which  escaped 
correction  in  my  reading  of  the  proofs,  and  was  not  discovered  until 
after  Vol.  XXIII.  had  left  the  press.  The  true  equivalent  is  0.46 
pound  or  about  lh  ounces  (instead  of  pounds)  per  short  ton. — 
R.  W.  R. 

Philip  Argall,  Denver,  Colo,  (communication  to  the  Secre- 
tary) :  Mr.  Richard's  last  contribution  to  this  discussion*  calls  for 
some  reply  from  me,  if  only  by  way  of  defending  myself  against  the 
charge  (p.  569)  that  my  criticisms  of  his  paper  were  "unnecessarily 
hypercritical  and  occasionally  unfair."  At  the  same  time  I  am  fully 
aware  that  our  Transactions  are  not  the  place  for  mere  personal  con- 
troversy, and  that  the  sole  object  of  discussion  is  to  define  differences 
of  opinion,  and  defend  opposing  views  as  a  means  of  eliciting  the 
truth. 

Mr.  Rickard  disclaims  the  statement,  which  he  says  I  attributed  to 
him,  that  in  the  slow-crushing  Gilpin  county  mills  the  pyrites  re- 
main longer  in  the  mortar  than  the  other  portions  of  the  ore.  My 
understanding  of  his  statement  was  based  on  the  following  passages  in 
his  paper : 

"Particles  of  ore,  which  have  heen  pulverized  to  a  fineness  which  would  permit 
of  their  exit  through  the  screen,  are  enabled  to  settle  towards  the  bottom  of  the 
mortar.  It  would  be  expected  that  the  heavy  metallic  minerals  occurring  in  the 
ore  would,  because  of  their  greater  specific  gravity,  lie  most  affected  by  this  feature 
of  the  treatment.  In  practice  this  is  found  to  be  so.  The  fine  slimes  contain  a 
large  proportion  of  metallic  sulphides,  generally  valuable  on  account  of  their  close 
association  with  the  precious  metals,  while  the  coarsest  particles  to  be  found  in  the 
tailings  usually  consist  of  quartz  and  other  minerals  forming  the  less  heavy  gangue 
{Trans.,  xxiii.,  139). 

*  Trans.,  xxiii.,  561. 
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"  The  water  discharged  from  a  stamp-mill  often  transports  the  heavy  pyrite  further 
than  the  light  quartz.  This  is  due  to  the  fact,  already  referred  to,  that  the  pyrite 
remains  inside  the  mortar  longer  than  the  quartz  and  becomes  pulverized  to  a 
further  degree  of  fineness"  (Trans.,  xxiii.,  142). 

Mr.  Rickard's  statement  that  all  the  gold  of  the  ordinary  Gilpin 
county  ore  is  "  fine,"  is  unfortunately  vague.  "Coarse"  and  "fine" 
are  comparative  terms;  and  while  this  gold  is  fine  as  compared  with 
that  of  Bendigo,  for  instance,  it  consists  of  particles  of  unequal  size, 
and  may  fairly  be  divided,  as  I  divided  it,  into  coarse  and  fiue,  com- 
prising gold  scarcely  visible  under  a  magnifying  power  of  200  diame- 
ters, gold  visible  to  the  unaided  eye,  and  gold  so  coarse  that  Mr. 
Rickard  was  able  to  see  it  to  be  coated  with  iron  oxide.  If  he  did 
not  intend  to  make  a  comparison  between  the  coarse  and  the  fine 
gold  of  these  ores,  the  comparison  is. still  practicable  and  pertinent. 

Mr.  Rickard  thinks  that,  in  my  criticism,  I  have  missed  the  main 
principle  of  Gilpin  county  milling,  which,  he  says,  originated  in  no 
idea  of  concentrating.  I  think  he  is  wrong,  but  the  matter  is  not 
important.  However  this  particular  system  originated,  and  whether 
the  introduction  of  concentration  as  a  part  of  it  is  recent  or  not,  we 
are  confronted  with  the  fact  that  concentration  is  now  an  impor- 
tant step  in  the  milling-practice,  as  I  have  previously  pointed  out. 
The  long  drop,  the  roomy  mortar,  the  fine  crushing  and  the  battery 
amalgamation  do  not,  on  the  average,  save  one-half  the  value  of 
gold  and  silver  in  the  ore.  The  question  is,  Can  any  improvement 
be  made  on  the  present  system,  inherited  as  it  has  been  from  ante- 
smelting  times?  In  my  opinion,  yes.  The  whole  system  is  wrong, 
viewed  from  the  standpoint  of  actual  present  conditions. 

Fine  crushing  is  not  conducive  to  close  saving  by  concentration, 
and  it  is  therefore  suggested  that  coarse  crushing  and  concentration, 
to  remove  the  metallic  minerals  at  the  least  expense,  should  precede 
fine  crushing  and  amalgamation. 

The  very  conditions  indicated  by  Mr.  Rickard  as  having  tended 
to  perpetuate  a  milling-practice  in  many  respects  out  of  date,  are  the 
most  forcible  arguments  in  favor  of  the  suggested  method  of  treat- 
ing these  ores.  The  very  reasonable  freight-rates  on  concentrates,  the 
low  smelting- charge  on  these  products,  and  the  cheap  fuel  for  mill- 
ing, are  just  the  conditions  that  would  render  concentration  commer- 
cially successful.  The  Gilpin  miners,  however,  cling  to  their  fathers' 
idols  so  tenaciously  that  they  cannot,  or  will  not,  see  this  fact.  The 
times  have  changed,  but  they  have  not  changed  with  the  times. 

Mr.  Rickard  said  in  his  original  paper : 
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''  Water  is  the  fluid  used,  but  air  also  plays  its  part.  During  the  time  of  its  vio- 
lent agitation  under  the  falling  stamp,  the  water  entangles  a  certain  amount  of  air. 
Such  air  exists  iu  the  form  of  small  bubbles,  which  hold  the  finely-pulverized  ore 
in  suspension,  and  thus  become  the  main  agent  in  the  floating  of  the  slimes. 
Warmth  causes  the  air  to  expand  and  the  bubbles  to  become  dissipated;  therefore, 
any  rise  in  the  temperature  of  the  water,  such,  even,  as  is  caused  by  the  impact  be- 
tween the  stamps  and  the  ore  upon  the  die,  is  favorable  to  a  diminution  in  the 
amount  of  slime"  (Trans.,  xxiii.,  142). 

In  his  last  communication  (Trans.,  xxiii.,  571),  he  gives  the  results 
of  a  test  made  at  the  Gover  mill,  Amador  Co.,  Cal.,  showing  differ- 
ences in  the  temperature  of  the  water  before  and  after  leaving  the 
batteries,  which  range  from  1°  to  3.5°,  and  average  2.25°.  This  in- 
crement of  temperature  is  far  too  small  to  help  the  theory  above 
quoted,  for  the  expansion  of  a  bubble  of  air,  under  constant  pressure, 
due  to  a  rise  in  temperature  of  2.25°  F.,  is  only  0.0045  of  its  volume. 

But  the  figures  of  the  test  given  do  not  bear  examination.  They 
are  apparently  vitiated  by  some  extraneous  cause,  if  not  by  errors 
of  observation.     For  example  : 

Deg.  Deg.  Deg. 

With  the  air  at  40,  water  at  37.67,  the  gain  was  2.6(1 

"     "     "     48,  "     42.00,       "       "       2.83. 

"     "     "     50,  "     43.12,       "       "       1.50. 

That  is  to  say,  the  hotter  the  air,  relative  to  the  water  entering 
the  batteries,  the  less  heat  the  water  receives,  though  the  work  de- 
veloped in  the  batteries  is  in  each  case  the  same. 

But  this  warming  of  the  water  cannot  have  been  due  to  the  con- 
version of  wasted  energy  into  heat,  as  Mr.  Rickard  suggests.  The 
stamps  in  the  Gover  mill  weigh  800  pounds  and  drop  6f  inches 
ninety-six  times  a  minute  ;  and  the  wTater-consumption  is  3.25  gal- 
lon per  stamp  per  minute.*  From  which  it  follows  that  the  energy 
developed  per  minute  by  a  battery  of  five  stamps  cannot  exceed  216,- 
000  foot-pounds ;  whereas,  the  energy  required  to  raise  the  corres- 
ponding quantity  of  water  (5  X  3.25=  16.25  gallons)  2.25°  F.  in 
temperature  would  be  235,406  foot-pounds.  This  would  require  the 
creation  of  over  19,000  foot-pounds  of  energy  more  than  the  battery 
develops.  The  case  is  still  worse  if  the  observations  showing  the 
greatest  rise  in  temperature  be  taken.  One  test  gave  a  rise  of  3.5°, 
and  no  less  than  three  (out  of  ten)  showed  3°.  The  latter  figure 
would  require  313,875  foot-pounds,  or  nearly  3  horse-power  more 

*  Eng.  and  Min.  Jour.,  December  23,  1893. 
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than  the  falling  stamps  can  develop;  in  other  words,  an  apparent 
excess  of  45  per  cent,  over  the  total  energy  of  the  battery.  Since  it 
will  be  conceded  that  some  energy  is  utilized  in  crushing  ore,  it  will 
scarcely  be  claimed  that  the  so-called  "wasted  energy"  amounts  to 
145  per  cent,  of  the  original  total. 


DOES  THE  VIBRATION  OF  STAMP-STEMS  CHANGE 
THEIR  MOLECULAR  STRUCTURE? 

A  continuation  of  the  Discussion  arising  in  connection  with  Mr.  Rickard's  paper 
on  "The  Limitations  of  the  Gold  Stamp-Mill."  (See  vol.  xxiii.,  pp.  143,  557, 
560,  573,  574.) 

(Bridgeport  Meeting,  October,  1894.) 

Philip  Argall,  Denver  Col.  (communication  to  the  Secretary): 
Dr.  Raymond  claims  (Trans.,  xxiii.,  560),  that  my  statement  (p.  557) 
regarding  the  crystallization  of  iron  "is  beyond  question  incorrect." 
He  says  :  "It  is  not  even  settled  that  vibration  will  crystallize  iron 
under  any  conditions."  While  admitting  that  authorities  differ  on 
the  possibility  of  cold  crystallization  of  iron,  I  believe  it  is  a  settled 
and  undisputed  fact  that  vibration  in  the  presence  of  heat  will  crys- 
tallize iron.  Bloxam  and  Huntington  say  :*  "  Vibration  assists  in 
converting  fibrous  metal  (iron)  back  into  a  crystalline  state  when 
heated,  a  lower  temperature  sufficing  than  in  the  absence  of  vibra- 
tion." Mr.  A.  F.  Hill.f  summing  up  a  very  exhaustive  review 
upon  the  crystallization  of  iron  and  steel,  pronounces  against  crys- 
tallization, but  only  at  temperatures  below  900°  F.  Mr.  Howe,! 
discussing  the  breakage  of  a  20-foot  porter- bar  with  a  crystalline 
fracture,  suggests  that  it  was  attributable  to  heat,  jointly  with  the 
jar.  We  see,  then,  that  vibration  of  heated  iron  bars  will  induce 
crystallization  and  consequent  change  of  structure. 

Referring  to  my  statement,  I  wish  to  point  out,  that  I  was  dis- 
cussing the  vibration  of  stamps  and  should  have  said,  "  vibration 
under  all  such  conditions,"  etc.  That  is,  vibration  attended  with 
sharp  blows,  such  as  a  stamp-stem  is  subjected  to,  will  crystallize 
iron  ;  yet  I  believe  that  intense  vibration  under  any  condition  will 

*  Metals,  Their  Properties  and  Treatment,  London ;  new  edition,  1888,  p.  158. 
t  "  Crystallization  of  Iron  and  Steel,"  Proc.  Soc.  of  Arts,  Mass.  Inst,  of  Tech.,  18S2- 
1883;  quoted  by  Lanza,  Applied  Mechanics,  5th  ed.,  1891. 
X  Metallurgy  of  Steel,  p.  199. 
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eventually  crystallize  iron.  It  is  only  a  function  of  time,  a  very 
long  time,  perhaps,  when  the  vibration  is  unaccompanied  with  shocks 
or  blows. 

I  am  not  aware  that  any  law  of  modern  physics,  or  of  the  molec- 
ular theory  of  matter,  would  be  violated  by  the  assumed  rearrange- 
ments of  molecules  in  a  viscous  solid,  such  as  iron,  at  ordinary  tem- 
peratures. We  must  admit  that  the  molecules  are  in  motion,  and 
that  any  force  capable  of  increasing  the  amplitude  of  their  vibrations 
may  induce  a  change  of  structure.  What  is  electrolysis  but  the 
direction,  by  means  of  an  electric  current,  of  the  movement  of  mole- 
cules in  the  electrolyte  to  form  new  bodies?  We  have  seen  that 
vibration  of  hot  iron  bars  induces  crystallization  at  temperatures  far 
below  plasticity;  so  that  it  can  be  understood,  that  at  ordinary  tem- 
peratures, where  the  molecular  motion  is  comparatively  slow,  the 
vibration  must  either  be  intense  or  long  continued,  in  order  to  cause 
crystallization.  Dr.  Barus*  has  shown  that  "the  chemical  equi- 
librium of  a  solid  changes  with  each  change  of  strain."  Osmondf 
claims  that  strain  more  or  less  completely  converts  cold  metals  from 
one  definite  molecular  condition  to  another.  Warburg  and  Ewingf 
have  proved  that  hysteresis  is  not  only  associated  with  mechanical 
stress  but  may  also  be  induced  by  magnetic  stress;  while  the  ex- 
periments of  Rowland  and  Bel  If  prove  that  magnetic  iron  is  more 
electronegative  than  unmagnetic  iron.  From  which  Barus  infers 
that  this  phenomenon  is  to  be  interpreted  as  directly  evidencing  "a 
chemical  difference  between  magnetic  and  unmagnetic  iron." 

It  has  also  been  proven  by  Dr.  BarusJ  that,  "even  at  tempera- 
tures slightly  above  mean  atmospheric,  the  molecular  configuration  of 
glass-hard  steel  is  always  in  a  state  of  incipient  change."     He  says: 

"During  the  last  three  years  I  have  been  making  experiments  on  the  secular 
annealing  of  cold  hard  steel.  The  results  are  very  striking,  and  show  that  mean 
atmospheric  temperature  acting  on  freshly  quenched  steel  for  a  period  of  years  pro- 
duces a  diminution  of  hardness  nearly  equal  to  that  of  100°  C.  acting  for  a  period 
of  hours.  I  examined  some  twenty  rods,  the  specific  resistance  of  which,  within 
thirty-seven  months,  has  fallen  from  46.5  to  42.5  in  the  case  of  thin  rods  (diameter 
<  0.08  cm.)  and  from  43.7  to  35.4  in  the  case  of  thicker  rods  (diameter  0.13  cm.)." 

It  is  true  that  these  quotations  do  not  support  a  crystallization- 
theory  for  iron,  but  they  do  prove  that  the  molecular  structure  of 
iron  can  and  does  change  under  different  physical  conditions  and  at 
atmospheric  temperatures.     This  conceded,  the  possibility  of  cold 

*  Bull.  No.  94,  U.  S.  Oeol.  Sur.,  p.  125  et  seq. 

f  Quoted  by  Barus,  op.  cit. 

X  Bull.  No.  73,  U.  S.  Geol.  Sur.,  p.  94. 
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crystallization  of  iron  becomes  apparent,  the  "current  fable"  and 
the  "  myth  "  to  the  contrary  notwithstanding. 

Apart  from  the  abstract  theory,  however,  we  have  practical  expe- 
rience on  the  one  hand  and  two  sets  of  theorists  on  the  other,  from 
which  conclusions  may  be  drawn. 

The  cold  crystallization  of  iron  is  a  subject  that  has  long  been 
agitated  and  never  satisfactorily  settled.  It  is  true,  some  eminent 
authorities  have  at  various  times  settled  the  matter  to  their  own 
satisfaction,  but  good,  fibrous  iron  will  continue  to  break  with  a 
crystalline  structure,  in  stamp-stems,  for  instance;  and  practical  men 
cannot  accept  the  dogmatic  assertions  of  the  theorist  as  evidence 
against  their  own  observation  and  daily  experience. 

In  1866,  Kirkaldy*  settled  the  matter  to  his  satisfaction,  and 
published  his  sixty-six  conclusions  on  iron.  Of  these,  No.  18  bears 
more  directly  on  crystallization.     Said  Kirkaldy  : 

"Iron,  when  fractured  suddenly,  presents  invariably  a  crystalline  appearance; 
when  fractured  slowly,  its  appearance  is  invariably  fibrous." 

The  crystalline  appearance  here  referred  to  is  very  different  from 
that  of  iron  crystallized  by  the  vibration  and  sharp  shocks  to  which 
a  stamp-stem  finally  succumbs.  In  the  first  case  the  fibers  are  not 
given  time  to  stretch,  but  are  broken  off  at  right  angles  to  their 
longer  axis,  whence  the  apparent  fine  crystallization  ;  while,  in  the 
latter  case,  actual  crystals  are  developed  in  the  iron,  some  reaching 
as  much  as  0.25  inches  in  diameter.  It  is  with  this  latter  phe- 
nomenon we  have  to  deal  in  stamp-mills. 

Fairbairnf  has  said  :  "  We  know  that  in  some  cases  wrought-iron, 
subjected  to  continuous  vibration,  assumes  a  crystalline  structure." 
Greenwood!  tells  us  that  "continued  hammering  of  iron  in  the  cold 
state  induces  hardness  and  brittleness,  with  a  more  or  less  crystal- 
line structure  in  the  iron." 

It  must  be  admitted  that  stamp-stems  invariably  break  with  such 
a  structure.  Again,  it  is  generally  admitted  that  railway-axles  are, 
on  the  whole,  inclined  to  break  with  a  crystalline  fracture.  The 
fracture  of  the  5-inch  connecting-bar  of  the  Washington  Navy  Yard 
testing-machine  was  considered  by  Beardslee  "an  unmistakable  in- 
stance of  crystallization." 

Rankine§  sums  up  his  conclusions  as  follows:  "  It  is  certain,  at  all 

*  Experiments  on  Wrought-Iron  and  Steel. 
f  Quoted  by  Howe,  op.  cit.,  p.  198. 
%  Metallurgy  of  Iron  and  Steel,  p.  105. 
I   Civil  Engineering.  17th  ed.,  p.  £06. 
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events,  that  iron  ought  to  be  as  little  as  possible  exposed  to  sharp 
blows  and  rattling  vibrations." 

R.  W.  Raymond,  New  York  City:  The  subject  of  Mr.  Argall's 
reply  to  my  former  remarks  is  so  important  as  to  justify  the  most 
extended  discussion.  And  I  would  not  deny  that,  as  a  part  of  such 
discussion,  the  citation  of  authorities  is  pertinent  and  valuable,  al- 
though the  mere  heaping  up  of  contradictory  statements  and  opinions 
is  not  likely  to  determine  the  truth,  without  such  further  sifting  and 
weighing  of  the  evidence  as  will  show  what  may  be  taken  as  thus 
far  reasonably  proved. 

I  may  be  permitted  to  recall  that  the  remark  of  Mr.  Argall  origi- 
nally criticized  by  me  was,  that  "vibration,  under  all  conditions, 
will  crystallize  iron."*  This  I  declared  to  be  "  beyond  question,  in- 
correct," adding,  that  "it  is  not  even  settled  that  vibration  will 
crystallize  iron  under  any  conditions. "f  In  the  same  connection,  I 
observed  that  Mr.  Rickard  and  Mr.  Argall  had  "adopted  a  current 
fable,  which  may  or  may  not  have  a  basis  in  occasional  and  excep- 
tional experience,  but  which  owes  its  vitality  chiefly  to  its  availa- 
bility as  an  excuse  to  shield  manufacturers  from  the  blame  deserved 
for  bad  work." 

Mr.  Austin^  presented,  in  opposition  to  my  view,  some  consider- 
ations to  which  I  have  already  replied.  I  wish  to  recall  here  only 
the  fact  that  I  disclaimed  any  narrow  sense  of  the  term  "  crystal- 
lize," and  accepted,  as  the  subject  really  under  discussion,  the  ques- 
tion, whether  there  is  really  a  molecular  change  produced  by  vibra- 
tion in  iron  or  steel. 

Mr.  Argall  now  restates  his  original  proposition  so  as  to  confine 
it  to  such  vibration  as  takes  place  in  the  stem  of  a  stamp.  I  accept 
this  modification  also,  although  I  may  be  permitted  to  point  out  that 
it  greatly  narrows  the  field  of  inquiry  originally  suggested  by  him, 
and  excludes  most  of  his  evidence  and  reasoning,  as  well  as  some  of 
mine.  It  is  now  quite  possible  for  him  to  say,  that  an  experiment, 
in  which  prolonged  vibration  had  no  effect  upon  a  piece  of  iron,  is 
not  conclusive,  because  the  vibration  was  not  like  that  of  a  stamp- 
stem  in  a  battery.  But  I  conceive,  on  the  other  hand,  that  it  de- 
volves upon  him  to  show  the  difference,  or  else  to  abandon  the 
argument  from  theory  and  analogy,  and  to  confine  himself  to  experi- 
mental proofs  drawn  from  stamp-stems  exclusively. 

*   Trans.,  xxiii.,  557. 
f  Ibid.,  p.  560. 
J  Ibid.,  p.  573. 
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But  Mr.  Argall  cannot  be  permitted  to  state  this  question  as  one 
with  regard  to  which  practical  men  are  arrayed  on  his  side  and  the- 
orists on  the  other.  That  is  a  ludicrous  reversal  of  the  situation. 
The  wildest  theorists  are  notoriously  so-called  "practical"  men, 
when  they  once  let  themselves  loose  in  the  field  of  speculation;  and 
in  this  case  the  so-called  "practical"  men  are  the  only  ones  who 
have  setup  any  theory  at  all.  The  fracture  of  a  stamp-stem  is  a 
fact ;  the  notion  that  it  is  due  to  a  molecular  change  caused  by  vi- 
bration is  a  theory.  Nobody  denies  that  this  is  conceivably  a  true 
theory;  but  a  good  many  observers  have  been  led  to  doubt  it;  because 
there  is  not  a  single  clear  experimental  proof  of  it,  and  because  at- 
tempts to  prove  it  by  careful  experiment  have  proved  the  contrary, 
so  far  as  they  have  had  any  definite  result  whatever.  It  is  quite  out 
of  place  for  the  defenders  of  the  theory  to  characterize  as  dogmatic 
theorists  those  who  have  no  theory  at  all,  but  are  simply  asking  for 
the  facts. 

Dr.  John  Percy  said  in  1864:* 

"Another  point  remains  to  be  considered,  namely,  whether  vibration  caused  by 
impact,  or  otherwise,  may  induce  a  crystalline  arrangement  which  did  not  pre- 
viously exist,  or  was  only  imperfectly  developed.  I  have  not  met  with  any  evidence 
to  justify  an  answer  in  the  affirmative." 

This  is  not  abstract  theory  but  practical  common  sense,  as  is  also 
the  observation  which  follows  : 

"Neglect  in  observing  the  essential  connection  between  the  character  of  the 
fracture  and  the  particular  mode  in  which  it  has  been  effected,  has  led  to  the  con- 
clusion that  the  crystallization  of  iron  has  originated  from  mechanical  treatment, 
when,  in  reality,  crystalline  structure  pre  existed,  and  was  only  rendered  easily 
manifest  by  fracture  consequent  on  induced  brittleness."f 

This  declaration  of  Percy's  represents  correctly,  I  think,  the  con- 
clusion to  which  any  competent  observer,  critically  examining  the 
evidence  accessible  in  1864,  would  have  been  led.  That  the  situa- 
tion has  not  been  changed  in  favor  of  the  vibration-theory  by  any 
subsequent  evidence,  will  appear  in  the  following  passage,  trans- 
lated from  the  hand-book  of  Prof.  A.  Ledebur,|  who  may  fairly 
be  called  the  highest,  as  welh  as  the  latest,  authority  on  iron  and 
steel : 

*  "Metallurgy,"  Iron  and  Steel,  p.  12. 

f  Dr.  Percy  cites,  in  this  connection,  Kirkaldy's  book,  and  says:  "  The  author 
appears  to  have  arrived  at  nearly  the  same  conclusions  as  myself." 

X  Handbuch  der  Eisenhiittenkunde,  part  iii.,  "Malleable  Iron,"  Leipzig,  1894, 
p.  689. 
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"The  observation  has  been  often  reported,  particularly  in  former  times,  that  iron 
exposed  to  continuous  shocks,  as  in  railway-axles,  crane-chains,  etc.,  suffered  a  loss 
of  strength  and  toughness  as  the  result  of  a  change  in  its  structure  ;  especially,  that 
fibrous  tough  iron  was  in  this  way  gradually  altered  to  granular  brittle  iron, 
and  that  in  this  process  could  be  found  the  cause  of  the  occurrence  of  fracture 
in  pieces  which  had  served  their  purpose  for  decades  without  breaking.  Ac- 
cording to  tli is  view,  continued  shocks  (anhaltende  Ersehutterungen)  would  produce 
the  same  effect  as  ...  .  heating  wrought-iron  nearly  to  melting-point  and  gradu- 
ally cooling  it. 

" This  supposed  observation  received  a  seeming  confirmation  from  the  law  an- 
nounced by  Wohler,  in  1870,*  as  the  result  of  thorough  experiments,  according  to 
which  the  fracture  of  a  body  might  be  brought  about  by  numerous  repeated  strains, 
no  one  of  which  reached  the  breaking-limit.  Later  experiments!  have  shown  that 
fracture  is  not  induced,  even  by  an  unlimited  number  of  strains,  if  a  certain  limit 
of  strain  is  not  exceeded. 

"But  the  opinion  that  a  fracture  caused  by  repeated  strains  is  the  result  of  a 
change  in  structure,  and  particularly  that  fibrous  wrought-iron  is  transformed  into 
granular  under  continuous  shocks,  has  proved  to  be  entirely  erroneous  [voUstdndig 
irrig).  On  page  642  the  circumstance  has  been  pointed  out  that  the  appearance  of 
the  fracture  of  fibrous  iron  is  dependent  upon  the  manner  of  the  breaking,  and 
that  fibrous  iron  shows  a  complete  coarsely-granular  fracture  when  suddenly 
broken  by  a  heavy  blow.  Such  a  shock  is  usually  the  cause  of  the  fractures  in 
which  it  has  been  believed  that  the  transformation  of  fibrous  into  granular  iron  was 
observed. 

"  Bauschinger,  in  1878,  took  links  from  a  chain-bridge  erected  in  1829  at  Ham- 
burg, and  subjected  in  service  to  continual  shocks  [Ersehutterungen  I,  and  compared 
them  witli  similar  links  of  the  same  material,  which  had  remained  in  stock  unused. 
(Here  follows  a  table  of  tests.)  The  fracture  of  the  broken  pieces  showed  no  change 
due  to  use;  the  pieces  which  had  been  in  service  showed  to  a  large  extent  fibrous 
structure.^ 

"The  wrought-iron  bolts  of  a  wooden  railway-bridge  on  the  Allgau  road,  having 
been  tested  for  strength  before  use,  showed,  when  tested  again  by  Bauschinger 
after  twenty-five  years,  no  diminution  in  strength.     (Here  follow  the  figures.) 

"Again,  a  comparative  test  made  by  Belelubsky,  in  188S,  between  the  links  of 
the  Kiew  chain-bridge,  which  had  been  forty  years  in  service,  and  the  links  of  the 
same  material,  which  had  remained  in  stock,  indicated  no  change  in  these  properties. 
All  the  test  -pieces  showed  fibrous  structure.? 

" Numerous  experiments  instituted  by  Bauschinger  in  the  mechanico-technical 
laboratory  of  the  Technische  Hochschule,  at  Munich,  in  which  bars  of  iron  and  steel 
were  submitted  to  repeated  shocks,  led  him  to  the  conclusion  that  'Strains  of  iron 
and  steel  repeated  frequently,  millions  of  times,  bring  about  no  change  of  struc- 
ture.' " 

*  ZviiH-hr.f.  Bauwesen,  vol.  xx.,  p.  83. 

+  Spangenberg  in  the  same  journal,  vol.  xxv.,  and  Bauschinger,  in  Mitth.  ausdem 
mech-tech.  Lab.  in  Miinchen,  Heft  13. 

X  The  original,  Die  benutzten  Glieder  zeigten  zum  gross*  n  Thett  sehniges  Gefuge,  is 
ambiguous.  It  may  mean  that  many  of  the  pieces  showed  fibrous  structure,  or  that 
all  of  them  showed  a  predominantly  fibrous  structure.  But  it  is  clear  that  they  were 
not  characteristically  granular,  and  the  preceding  statement  that  there  was  no  recog- 
nizable difference  between  them  and  the  unused  pieces  is  unequivocal. — R.  \Y.  R. 

\  Stahl  u.  Eisen,  1889,  p.  917. 
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The  word  Erschiitterungen,  which  I  have  translated  "  shocks  "  in 
the  foregoing  extract,  is  a  stronger  term  than  Schivingungen  (vibra- 
tions). It  includes  both  shock  and  vibration,  and  exactly  represents 
Mr.  Argall's  definition,  "  vibration  attended  with  sharp  blows." 
Prof.  Ledebur's  conclusions  are,  therefore,  directly  contradictory  of 
Mr.  Argall's  view. 

Mr.  Argall  replies  to  my  statement  that  "it  is  not  even  settled 
that  vibration  will  crystallize  iron  under  any  conditions,"  by  assert- 
ing his  belief  that  "it  is  a  settled  and  undisputed  fact  that  vibration 
in  the  presence  of  heat  will  crystallize  iron."  He  is,  of  course,  aware 
that  I  was  speaking  of  cold  metal  only;  and  I  do  not  care  to  be 
drawn  away  from  the  issue  which  he  has  himself  taken  pains  to 
confine  to  the  conditions  obtaining  in  stamp-mills.  Nevertheless,  I 
may  venture  to  say  that  the  authorities  he  cites  do  not  warrant  his 
sweeping  conclusion  :  "  We  see,  then,  that  vibration  of  heated  bars 
will  induce  crystallization  and  consequent  change  of  structure." 
The  really  "settled  and  undisputed  fact"  is  that  heat-treatment 
alone,  without  any  vibration,  will  produce  the  change  referred  to,  as 
Prof.  Ledebur,  in  the  passage  I  have  quoted,  incidentally  points  out. 
All  that  has  been  suggested  as  to  vibration  is  that  it  facilitates  the 
work  of  heat.  The  essential  agent  must  still  be  the  heat,  for  the 
simple  reason  that  heat  alone  will  do  the  work,  whereas  vibration 
alone,  so  far  as  we  can  find  out  experimentally,  will  not.  At  the 
very  best,  Mr.  Argall's  assertion  that  heat  and  vibration  will  produce 
a  certain  result,  is  no  contradiction  of  my  assertion  that  it  is  not 
settled  that  vibration  will  do  it. 

Moreover,  there  is  no  argument  to  be  drawn  by  analogy  from  the 
behavior  of  iron  under  special  heat-treatment  to  its  behavior  at  or- 
dinary temperature  and  after  complete  solidification.  The  very  term 
vibration  means  different  things  in  the  two  cases.  Shock  is  differ- 
ently transmitted  in  a  heated  bar,  and  structure  is  unquestionably 
under  incipient  obliteration.  Mr.  Argall's  statement,  "  We  have 
seen  that  vibration  of  hot  iron  bars  induces  crystallization  at  tem- 
peratures far  below  plasticity,"  is  not  warranted,  even  in  its  vague- 
ness. The  only  temperature  he  specifies  is  900°  F.  (482°  C),  which 
is  not  "  far  below  plasticity."  This  temperature  is,  in  fact,  almost 
exactly  the  point  at  which  iron  exhibits  a  remarkable  and  sudden 
change  in  physical  qualities,  indicative  of  a  weakening  of  structure. 
The  tensile  strength  and  elongation,  as  determined  by  Kollman*  for 
the  temperatures  below  and  near  this  point  are  as  follows  : 

*  Cited  by  Ledebur,  p.  691. 
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Deg.  C.  Tensile  strength     Elongation 

kilo,  per  sq.  mm.        per  cent. 

310, 33.5  33.0 

340 32.1  35.0 

410, 27.0  45.0 

510, 11.1  37.0 

It  will  be  seen  that,  between  410  and  510  degrees,  the  strength 
has  diminished  more  than  one-half,  and  the  elongation  has  passed 
its  maximum.  In  a  word,  what  I  suppose  Mr.  Argall  means  by 
"  plasticity,"  has  clearly  set  in. 

Mr.  Argall  says  that  he  is  not  aware  that  any  law  of  physics  or 
of  the  molecular  theory  of  matter  would  be  violated  by  the  assumed 
rearrangement  of  molecules  in  a  viscous  solid,  such  as  iron,  at  ordi- 
nary temperatures.  For  my  part,  I  am  not  aware  of  such  a  fact 
either.  If  there  were  any  known  law  thus  violated,  the  assumption 
would,  of  course,  have  to  give  way  to  the  law.  But  the  arguments 
and  citations  by  which  Mr.  Argall  seeks  (as  I  suppose,  for  I  cannot 
conceive  on  what  other  ground  he  considers  them  pertinent)  to  ren- 
der his  assumption  theoretically  probable,  fall  far  short  of  that 
effect;  while  the  effect  itself,  if  achieved,  would  amount  to  nothing. 
For  Mr.  Argall  and  his  molecular  argument  are  confronted  by  prac- 
tical men,  not  theorists;  and  when  he  says,  "Why  should  not  this 
be  possible?"  they  may  reply,  "We  don't  know;  all  we  know  is, 
that  the  thing,  possible  or  not,  has  not  been  proved  to  occur."  Mr. 
Argall  seems  to  dislike  my  term  "  fable,"  and  Mr.  Howe's  term 
"  myth,"  as  applied  to  his  theory.  If  he  prefers  Professor  Ledebur's 
term,  "  entirely  erroneous,"  he  is  welcome  to  that.  I  beg  to  observe, 
however,  that  a  fable,  as  I  understand  the  term,  is  not  necessarily 
an  impossible,  but  simply  an  untrue  story — in  this  case,  a  product  of 
the  "scientific  imagination." 

But  what  does  the  theoretical  argument  of  Mr.  Argall  really 
prove  ? 

1.  Barus,  he  says,  has. shown  that  "the  chemical  equilibrium  of 
a  solid  changes  with  each  change  of  strain."  Dr.  Barus,  in  the  para- 
graph quoted,  refers  not  to  vibration  at  all,  but  to  steady  pressure; 
and  not  to  molecular  or  physical  equilibrium,  but  to  chemical  equi- 
librium. And  his  conception  of  chemical  equilibrium  is  measured 
simply  by  electrical  resistance.  Moreover,  his  experimental  basis 
was  a  non-fibrous  solid,  namely,  glass. 

2.  Mr.  Argall's  second  quotation  from  Barus  asserts  a  change  in 
the  molecular  configuration  of  cold  glass-hard  steel,  produced  by 
time  alone.     This  change  is  in   hardness — not  necessarily  in  struc- 
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ture.  But  here,  also,  it  will  he  observed,  we  have  a  non-fibrous 
material,  and  one  which  is  already  under  intense  internal  strains. 
All  that  Dr.  Barus  has  proved  is,  that  these  strains,  existing  between 
molecule  and  molecule,  readjust  themselves  at  ordinary  temperatures, 
in  the  course  of  years,  almost  as  much  as  they  would  do  at  100°  C. 
in  the  course  of  a  few  hours.  There  is  no  tangible  necessity  here  for 
a  change  in  "  molecular  configuration  "  even  ;  but,  besides  that,  I  do 
not  understand  that  Dr.  Barus  means  by  "  molecular  configuration  " 
molecular  arrangement,  or  what  we  call  structure. 

3.  Mr.  Argall  quotes  from  Dr.  Barus  the  statement  that  Osmond 
claims,  "  that  strain  more  or  less  completely  converts  cold  metals 
from  one  definite  molecular  condition  into  another."  I  may  be  per- 
mitted to  quote,  in  addition,  the  remark  of  Dr.  Barus,  which  im- 
mediately follows : 

''I  have  been  unable  to  find,  however,  that  Osmond  has  any  direct  evidence  to 
support  this  assertion,  and  I  have  already  pointed  out  some  of  the  difficulties  which 
Osmond  must  surmount  before  his  view  can  gain  general  credence." 

This  shows  pretty  plainly  where  Dr.  Barus  stands  on  the  question 
here  under  discussion.  It  is  evident  that  he  does  not  draw  from  his 
own  experiments  on  glass  and  glass- hard  steel  inferences  favorable  to 
Mr.  Argall's  theory  of  stamp-stem  crystallization.  But  M.  Osmond 
is  an  observer  of  recognized  acuteness  and  authority ;  if  he  has  really 
asserted  the  general  proposition,  apparently  attributed  to  him  by 
Dr.  Barus,  his  assertion  of  it  has  weight,  whether  Dr.  Barus  agrees 
with  it  or  not;  and  that  weight  bears  unquestionably  in  favor  of  Mr. 
Argall's  theory,  though  the  term  "strain"  may  or  may  not  desig- 
nate the  particular  kind  of  strain  to  which  Mr.  Argall  ascribes  a 
particular  kind  of  molecular  change. 

I  have,  therefore,  examined  with  care  the  statement  of  M.  Os- 
mond ;  and  I  find  that  he  speaks  exclusively  of  the  two  varieties  of 
iron  [alpha  and  beta  iron)  which  he  considers  as  two  "  molecular  con- 
ditions " — not  two  different  arrangements  of  the  molecules — and  of 
which  he  says:* 

"  The  alpha  variety  (malleable)  predominates  in  steels  slowly  cooled  from  red 
heat,  and  the  more  exclusively,  as  these  metals  approach  more  nearly  pure  iron. 

''  The  beta  variety  (hard  and  brittle)  is  formed  : 

"  a.  Artificially,  by  the  action  of  any  mechanical  pressure  applied  below  very 
dark  red  heat  and  producing  permanent  deformation. 

"  b.  Spontaneously,  at  a  certain  critical  temperature  not  yet  determined." 

*  Annales  den  Mines,  Huiti&me  Serie,  vol.  xiv.,  1888,  p.  6. 
vol.  xxiv. — 52 
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Clearly  enough  M.  Osmond  is  announcing  no  general  law,  but 
explaining  (upon  his  own  alpha-beta  theory,  not  by  any  means  uni- 
versally accepted  as  yet)  the  familiar  effects  of  cold-rolling  and 
hammering  upon  iron  and  steel.  He  carefully  excludes  strains 
which  do  not  produce  permanent  deformation,  and  thus  implicitly 
contradicts  Mr.  Argall's  hypothesis. 

4.  The  researches  upon  "  hysteresis,"  concerning  which  Mr.  Ar- 
gall  quotes  Dr.  Barus's  reference  to  Warburg,  Ewing,  Rowland  and 
Bell,  are  too  abstruse  and  too  little  pertinent  to  repay  special  analy- 
sis and  discussion  here.  If  they  proved  anything  for  his  purpose, 
they  would  prove  too  much.  The  kind  of  molecular  change  which 
these  waiters  call  "hysteresis"  is  something  which  they  can  pro- 
duce by  magnetism  as  well  as  by  mechanical  force;  it  is  evidenced 
by  electrical  resistance  wholly  or  chiefly  ;  it  is  not  shown  or  asserted 
or  believed  to  produce  a  granular  structure  out  of  a  fibrous  one ;  and  it 
is  only  called  a  molecular  change  because,  on  the  molecular  theory 
of  matter,  the  molecules  must  be  somehow  concerned  in  it.  Pure 
and  simple,  it  is  a  change  in  electrical  resistance,  which  is  inferred 
to  involve  a  change  in  "  chemical  equilibrium,"  which  is  again  in- 
ferred to  be  a  change  in   molecular  condition. 

I  can  easily  understand  Mr.  Argall's  frank  admission  that  his 
citations  "  do  not  support  a  crystallization-theory  for  iron;"  but  I 
will  leave  others  to  decide  whether  they  prove  "that  the  molecular 
structure  of  iron  can  change  and  does  change  under  different  physical 
conditions  and  at  atmospheric  temperatures." 

With  regard  to  Mr.  Argall's  question,  "  What  is  electrolysis,  but 
the  direction,  by  means  of  an  electric  current,  of  the  movement  of 
molecules  in  the  electrolyte,  to  form  new  bodies  ?"  I  beg  to  say  that  I 
do  not  pretend  to  know  exactly  what  electrolysis  is,  but  I  strongly 
suspect  that,  whatever  it  is,  it  is  not  that.  I  cannot  conceive,  how- 
ever, the  remotest  connection  between  this  question  and  the  one 
under  discussion ;  and  will  therefore  abstain  from  introducing  a 
purely  outside  and  wholly  theoretical  issue. 

But  a  little  investigation  of  Mr.  Argall's  theory  itself  may  not  be 
out  of  place.     It  is,  if  I  comprehend  it : 

A.  That  the  iron  of  new  stamp-stems  has  a  fibrous  structure. 

B.  That  this  structure  is  changed  during  use,  by  the  effect  of  re- 
peated blows  and  vibrations,  which  cause  the  molecules  previously 
arranged  in  fibers  to  separate  and  rearrange  themselves  in  crystals. 

C.  That  the  result  of  this  process  is  shown  by  the  granular  frac- 
ture when  the  stamp-stem  breaks. 
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It  seems  to  me  that  any  stamp-stem  thus  fractured  in  service 
would  break  at  the  beginning,  rather  than  the  end,  of  such  a  pro- 
cess. The  molecules  can  not  be  expected  to  rearrange  themselves 
without  separating;  and  how  they  are  to  retain  cohesion  when  they 
have  once  separated,  so  as  to  resist  the  breaking-effect  of  shock  until 
they  have  got  comfortably  crystallized,  is  not  clear.  The  beginnings 
of  separation  are  incipient  fracture  ;  and  the  experiments  of  Wohler 
and  others,  cited  above,  show  that  shocks  producing  such  slight  sepa- 
ration of  particles  may,  by  repetition,  go  on  increasing  the  fracture 
thus  begun,  so  that,  at  last,  the  piece  breaks  by  the  dissolution  of  its 
original,  not  of  a  secondary,  structure.  This  conception  involves  no 
molecular  theory  whatever.  It  rests  on  the  established  fact  that  iron 
is  made  up  of  joined  and  cemented  particles,  which  can  be  pulled 
apart;  and  that,  when  they  are  sufficiently  pulled  apart,  the  iron 
breaks.  -Such  a  conception  explains  all  the  phenomena  thus  far  ad- 
duced, and  it  is  scarcely  necessary  to  set  up  an  auxiliary  and  imag- 
inary theory  that  the  particles  first  separate,  then  reunite,  and  then 
break  apart  again,  under  strains  which  tended  to  fracture  all  the 
time. 

The  whole  question  of  the  fibrous  structure  of  wrought-iron  and 
its  supposed  relation  to  strength,  has  received  much  new  light  with- 
in recent  years,  especially  in  connection  with  the  attempt  at  Avesta 
to  produce  fibrous  soft  steel  in  the  Little-Bessemer  process,  by  cast- 
ing some  slag  with  the  steel.  The  peculiar  lamination  caused  in 
puddled  iron  by  the  presence  of  intermingled  cinder  was  thus  repro- 
duced in  steel  for  the  benefit  of  prejudiced  consumers;  but  it  was 
not  shown  that  this  structure  gave  increased  strength.  However,  I 
will  not  now  pursue  that  part  of  the  subject. 

Let  us  now  examine  the  testimony  of  practical  experience,  ad- 
duced by  Mr.  Argall  "  apart  from  abstract  theory." 

The  opinion  quoted  from  Commander  L.  A.  Beardslee,  U.  S.  N., 
that  the  fracture  of  the  5-inch  connecting-bar  of  the  Washington 
Navy  Yard  testing-machine  was  "  an  unmistakable  instance  of 
crystallization,"  might  be  construed  as  an  assertion  that  this  crystal- 
lization was  unmistakably  due  to  repeated  shocks.  Since  the  state- 
ment quoted  is  part  of  the  report  of  a  committee  of  which  Com- 
mander Beardslee  was  chairman,  and  was  apparently  concurred  in 
by  the  other  members,  namely,  Gen.  Q.  A.  Gillmore,  A.  L.  Holley, 
William  Sooy  Smith  and  David  Smith  (all  experts  of  recognized 
ability),  the  precise  language  employed  is  worthy  of  careful  con- 
sideration.    It  will   be  found   in   the  Report  of  the  United  States 
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Board  for  Testing  Iron  and  Steel,  Part  L,  Washington,  1878,  pp. 
181,  182: 

"The  question  as  to  whether  crystallization  can  be  produced  in  iron  by  stress, 
or  l>v  repetition  of  stress  with  alternations  of  rest,  or  by  vibration,  has  been  very 
much  discussed,  and  very  opposite  views  are  entertained  by  experts;  therefore  it 
was  considered  that  any  data  which  might  be  gathered  during  our  tests,  bearing 
upon  this  point,  would  possess  a  value. 

"We  have  met  with  but  one  unmistakable  instance  of  crystallization  which  was 
probablv  produced  by  alternations  of  severe  stress,  recoils  and  rest. 

"  The  connecting-rod  of  the  chain-prover  was  5  inches  in  diameter,  had  been  in 
use  for  forty  years,  and  had,  during  this  period,  been  frequently  subjected  to  stress 
up  to  250,000  pounds,  with  recoils  produced  by  rupture  of  test-pieces. 

'"  It  was  carefully  made  in  the  anchor-shop,  being  hammered  from  the  best 
quality  of  wrought-iron  scrap;  it  is  not  probable  that  any  section  of  it,  if  broken 
when  first  made,  would  have  displayed  crystalline  structure,  but  while  we  were 
testing,  it  parted  one  day  at  less  than  200,000  pounds  stress,  and  the  surface  of  the 
fractured  ends  showed  well-defined  crystallizations,  the  facets  being  large.and  bright 
as  mica;  the  ends  having  become  injured  by  rust,  the  bar  was  again  broken  by 
impact,  at  a  point  distant  over  a  foot  from  the  first  fracture,  and  the  same  appear- 
ance was  found,  which  is  shown  in  the  illustration,  Plate  V.,  Fig.  1,  the  original 
of  which  is  now  in  the  cabinet  of  the  Stevens  Institute." 

The  illustration  here  mentioned  is  a  heliotype,  reproducing  a 
direct  photograph  of  full  natural  size;  and,  while  I  have  not  had 
the  opportunity  to  examine  the  actual  piece  said  to  beat  the  Stevens 
Institute,  I  feel  sure  that  the  appearance  of  the  fresh  fracture  is  better 
shown  in  the  illustration  than  it  could  possibly  be  shown  by  the 
piece  itself  after  the  lapse  of  sixteen  years.  At  the  same  time,  the 
broken  piece  might  still  yield,  under  proper  microscopic  and  other 
examination,  some  important  further  information,  although,  as  I 
shall  point  out,  its  pedigree  is  not  good  enough  to  justify  precise 
conclusions. 

The  photographic  illustration  plainly  shows,  I  think,  the  laminated 
structure  due  to  forging.  Whatever  crystallization  there  is,  is  clearly 
subordinate  to  that  general  structure,  and  therefore  may  have  existed 
always,  as  it  existed  at  the  time  of  fracture,  together  with  the 
lamination. 

The  statement  of  the  committee  is,  that  this  is  "an  unmistakable 
instance  of  crystallization;"  but  the  opinion  as  to  its  cause  is  much 
more  cautiously  stated  as  merely  V  probable."  And  the  degree  of 
this  probability  is  carefully  indicated  by  a  statement  of  all  the  data 
upon  which  the  committee's  opinion  is  based.  The  facts  personally 
known  to  the  committee,  or  verifiable  by  it  beyond  reasonable  doubt, 
are,  that  the  piece  had  been  in  service  for  forty  years;    that  it  had 
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been  frequently  under  stress  up  to  250,000  pounds;  and  that  it  broke 
under  less  than  200,000  pounds.  A  fact  presumably  less  certainly 
established,  is  that  it  was  carefully  made,  about  1838,  by  hammer- 
ing from  the  best  wrought-iron  scrap.  The  committee  infers  that 
"it  is  not  probable  that  any  section  of  it,  if  broken  when  first  made, 
would  have  displayed  crystalline  structure."  And  this  is  the  only 
reason  for  supposing  that  such  a  structure  has  been  since  induced. 

In  weighing  the  force  of  this  conclusion,  it  must  be  remembered, 
first,  that  wrought-iron  has  a  crystalline  structure  to  begin  with,  and 
that  this  structure  can  be  made  clearly  visible  by  cold  fracture  pro- 
duced in  a  certain  way;  so  that,  in  fact,  what  the  committee  means 
is,  that  it  is  not  probable  that  the  piece  of  iron  in  question,  if  broken 
by  continued  increasing  tension,  when  it  was  first  made,  would  have 
failed  to  show  the  fibrous  fracture  due  to  the  elongation  of  the  crys- 
tals under  such  tension.  Such  an  elongation  in  mass  implies  that 
the  adhesions  of  the  individual  grains  in  mass  is  sufficient  to  resist, 
for  a  time,  their  separation  in  mass.  That  a  sudden  shock  or  strain 
might  produce  separation  with  little  or  no  elongation  is  to  be  ex- 
pected according  to  familiar  mechanical  principles. 

Again,  the  illustration  given  by  the  committee  represents  a  frac- 
ture under  impact,  which  would  have  been  likely  to  be  crystalline  in 
any  event.  But,  considering  the  character  of  the  observers,  we  may 
safely  accept  their  assurance  that  this  fracture  presented  the  same 
appearance  as  that  produced  by  tension.  The  committee's  state- 
ment, then,  is  substantially  that,  after  forty  years  of  service,  a  piece 
of  iron,  broken  by  tensile  strain  smaller  than  that  which  it  had  pre- 
viously endured  without  breaking,  showed  a  tension-fracture  exactly 
like  its  impact- fracture,  whereas,  if  broken  when  first  made,  the 
tension-fracture  would  probably  have  been  more  fibrous. 

Even  this  probably  is  open  to  somewhat  damaging  inquiry.  For 
the  committee  does  not  say,  and  evidently  does  not  know,  what  heat- 
treatment  this  piece  of  iron  received  when  it  was  forged  forty  years 
before,  or  whether,  during  these  forty  years,  it  was  ever  heated, 
straightened,  annealed,  or  otherwise  subjected  to  heat-treatment. 
Yet  such  treatment,  as  is  well-known,  might  induce  a  crystalline 
structure  both  coarser  and  less  firmly  cemented  than  would  have  ex- 
isted without  it.  It  is  to  this  unquestionable  fact  that  Mr.  Howe 
refers,*  when  he  says,  in  discussing  the  present  case,  and  also  that 
of  the  20  foot  porter-bar  at  the  Morgan  Iron  Works,  cited  by  Mr. 
Argall : 

*  Metallurgy  of  Steel,  p.  199. 
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u  Now  T  find  nothing  here  which  indicates  strongly  that  any  change  in  crys- 
tallization occurs  under  vibration  or  shock.  The  cases  of  the  Washington  testing- 
machine  and  of  the  Morgan  Iron  Works  porter-bar  may  well  be  due  to  over-heat- 
ing under  manufacture." 

We  have,  then,  as  equally  "probable,"  the  hypothesis  that  the 
crystalline  structure,  ultimately  exhibited  upon  fracture,  had  existed 
in  the  iron  ever  since  its  last  heat-treatment  ;*  and  the  only  remaining 
question  is,  Why  should  the  iron  break  under  a  smaller  strain  than 
it  had  previously  sustained  without  breaking? 

The  answer  to  this  question  is  given  by  Wohler's  experiments, 
and  may  be  summed  up  in  popular  phraseology  by  the  statement  that 
repeated  stresses,  no  one  of  which  is  originally  sufficient  to  produce 
fracture  in  mass,  may,  when  they  individually  surpass  the  limit  of 
elasticity  of  the  weakest  elements  of  the  mass,  gradually  loosen  (not 
transform)  the  existing  structure,  and  thus,  by  their  cumulative 
effect,  ultimately  produce  visible  mass-rupture.  This  is  a  fact;  and 
it  offers  a  sufficient  explanation  of  all  the  facts  thus  far  observed 
with  scientific  precision. 

The  theory  which  it  suggests  may  be,  either  that  the  loosening  of 
structure  is  gradual  and  uniform,  so  that,  at  a  given  moment  during 
the  process,  the  cohesion  of  all  the  granular  or  crystalline  elements 
under  strain  has  been  equally  diminished;  or  that  it  is  progressive, 
like  the  breaking  of  a  wire-cable,  wire  by  wire,  so  that  the  final 
visible  mass-fracture  is  simply  the  cumulative  result  of  incipient 
fractures,  or  minute  separations  of  structural  units,  which  have  left 
fewer  and  fewer  coherent  units  to  endure  strain.  To  my  mind,  the 
appearance  of  all  tension-fractures,  indicating,  as  it  does,  that  the 
strain  upon  the  mass  is  not  equally  sustained  by  all  parts  of  the  sec- 
tion of  fracture  {i.e.,  that  some  parts  elongate  more  than  others 
before  breaking),  favors  the  second  of  these  theories,  which  is,  more- 
over, made  plausible  by  what  we  now  know  concerning  the  unequal 
internal  strains  produced  (especially  by  heat-treatment)  in  manufac- 
ture. But  it  is  not  necessary  to  maintain  either  theory.  The  true 
explanation  of  the  phenomenon  may  involve  them  both  ;  and  neither 
the  phenomenon  nor  its  theoretical  explanation  involves  any  process 
of  re-crystallization  under  shock  at  ordinary  temperatures. 

Under  careful  analysis,  therefore,  the  instance  presented   by  the 

*  It  may  be  added,  that  what  little  is  said  concerning  the  method  of  manufac- 
ture favors  this  suggestion.     Making  a  bar  by  welding  with  (he  hammer,  "out  of 
I  w rough t-iron  scrap,"   is  a   process  peculiarly  liable  to  produce,  by  local 

overheating,  the  capacity  of  granular  fracture. 
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U.  S.  Board  (which  is,  in  my  judgment,  the  strongest  that  Mr.  Ar- 
gall  has  adduced)  amounts  only  to  a  guarded  opinion,  based  upon  an 
incomplete  statement  of  facts,  which  permits  a  different  explanation. 

The  declarations  of  Fairbairn  and  Greenwood,  quoted  by  Mr.  Ar- 
gall,  are  simply  reiterations  of  the  traditional  belief,  unsupported  by 
fresh  experiment.  Like  many  similar  passages  in  the  text-books, 
they  have  merely  the  force  of  the  earlier  opinions  of  which  they  are 
echoes. 

Rankin's  statement  that  "iron  ought  to  be  as  little  as  possible  ex- 
posed to  sharp  blows  and  rattling  vibrations,"  is  not  only  consistent 
with  the  theory  of  breakage  without  "  crystallization,"  but  imme- 
diately follows  the  intimation  of  Rankin's  doubt  of  the  earlier  theory, 
and  a  report  of  experiments  made  by  him  on  rail  way -axles,  which 
do  not  confirm  the  notion  of  crystallization  by  vibration. 

The  only  question  here  at  issue  is,  Does  the  vibration  to  which 
stamp-stems  are  subjected  in  practice  change  the  structure  of  the 
iron  of  which  they  are  composed?  It  is  not,  "Do  stamp-stems 
break  after  continued  use?"  Nor  is  it,  "  Do  they  show  a  granular 
fracture  when  they  break?"  A  thousand  instances  of  such  break- 
age and  fracture  will  prove  nothing.  But  any  one  of  the  following 
suggested  tests  would  prove  a  good  deal : 

I. — Let  a  stamp-stem  which  has  been  running  for  a  long  time 
without  breaking  be  taken  down  and  examined  as  to  fracture  and 
structure.     This  has  never  been  done,  so  far  as  I  know. 

II. — To  make  the  result  of  I.  conclusive,  let  a  comparison  be 
made  between  such  a  stem  and  one  made  at  the  same  time  from  the 
same  metal,  but  not  used.  This  has  never  been  done,  so  far  as  I 
know. 

III. — Let  a  stem  which  has  broken  in  service  be  examined  as  to 
its  structure  at  other  points  than  that  of  fracture. 

IV. — Let  such  a  stem  be  tested  to  ascertain  whether,  at  any  point 
in  it,  it  is  not  possible  to  produce  at  will  either  granular  or  fibrous 
fracture  by  simply  varying  the  means  and  method  of  fracture.  This 
has  never  been  done,  so  far  as  I  know.  Nor  has  Mr.  Argall's 
claim,  that  such  a  granular  fracture  is  very  different  from  the  "  crys- 
tallized "  fracture,  ever  been  supported  by  the  actual  production  and 
comparison  of  the  two. 

V. — Let  any  stem,  new  or  old,  used  or  unused,  be  tested  as  in 
IV.  This  has  been  done  often  with  bars  of  iron  or  steel,  and  it  has 
been  proved  that  a  granular  or  a  fibrous  fracture  can  be  thus  pro- 
duced at  will.     But  if  there  is  anything  peculiar  about  stamp-stems, 
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the  experiment  would  show  it.  It  has  never  been  performed  upon 
a  stamp-stem,  so  far  as  I  know. 

It  is  such  evidence  as  this  that  would  convince  doubters,  and 
prove  the  crystallization-theory.  That  theory  is  now  a  fable,  be- 
cause such  evidence  in  its  support  is  wholly  lacking.  And  it  will 
never  cease  to  have  been  a  fable,  because  it  was  framed  and  held 
without  evidence.  It  may,  indeed,  cease  to  be  one,  and  become  an 
acknowledged  fact — when  the  necessary  evidence  is  forthcoming,  but 
not  before. 

E.  E.  Olcott,  New  York  City  :  I  am  sorry  that  I  have  not  fol- 
lowed carefully  the  various  contributions  that  have  been  made  on 
this  subject.  I  have  been  much  surprised  to  hear  the  statements 
of  Dr.  Raymond,  and  regret  to  be  obliged  to  quote  my  own  experi- 
ence in  opposition  to  them;  but  I  am  very  strongly  of  the  opinion, 
from  numerous  observations,  that  some  change  occurs  in  iron  as  a 
consequence  of  frequent  vibration.  The  place  where  I  have  seen 
examples  of  it  so  often  is  in  the  breaking-off  of  the  stamp-stems 
that  has  been  alluded  to.  It  is  no  uncommon  thing  to  see  around 
stamp-mills,  even  now,  a  number  of  short  ends  of  the  stems,  broken 
off  just  above  the  boss  or  stamp-head,  the  crystalline  faces  on  which 
are  as  distinct  as  in  a  broken  pig  of  cast-iron.  I  have  also  seen 
these  stems,  after  having  been  used,  first  at  one  end  and  then  at  the 
other,  cut  in  two  in  the  blacksmith's  shop,  at  places  away  from  the 
boss,  where  they  show  a  perfectly  fibrous  structure.  Now,  I  think 
that  the  stamp-mill  mortar  is  an  ideal  apparatus  for  causing  great 
vibration  at  one  particular  point;  and  I  should  say  that  the  numer- 
ous occurrences  of  the  iron  breaking  in  that  way  and  the  frequent 
observation  of  crystallization  furnish,  perhaps,  a  stronger  argument 
in  favor  of  the  phenomenon  than  the  experiments  made  by  imitating 
for  a  short  time  the  strains  that  the  stamp  stems  sustain.  It  is  a 
subject  that  I  will  try  and  investigate  a  little  further.  As  I  say,  1 
have  no  wish  to  oppose  my  observation,  perhaps  prejudiced  by  the 
practical  mill-men,  to  the  eminent  authorities  that  have  been 
quoted.* 

William  Kent,  Passaic,  N.  J. :  I  have  been  reading  up  on  this 
subject  for  nearly  twenty  years.  I  saw  the  porter-bar  mentioned  by 
Dr.  Raymond  in  1875,  shortly  after  it  was  broken,  and  everybody 
who  saw  it  then  thought  it  was  an  unmistakable  evidence  of  crys- 
tallization.    In  earlier  times  the  belief  in  crystallization  was  almost 


*  See  Mr.  Olcott's  later  communication  to  the  Secretary  on  page  833. 
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universal.  Afterwards  people  began  to  differ  on  the  subject,  and 
there  were  opinions  expressed  on  both  sides.  In  1879,  in  a  paper 
"On  an  Apparatus  for  Testing  the  Resistance  of  Metals  to  Re- 
peated Shocks"  [Trans.,  viii.,  76),  I  think  I  was  a  little  on  the 
fence,  though  rather  a  little  over  on  the  side  of  the  crystallization- 
theory.  Now,  I  have  read  whatever  I  have  come  across  on  that 
subject  in  the  last  fifteen  years,  including  Dr.  Raymond's  paper, 
which  I  received  the  other  day,  and  I  am  still  not  satisfied  and  am 
strongly  inclined  to  believe  with  the  gentleman  (Mr.  Olcott)  who 
has  just  spoken.  There  is  no  higher  authority  than  Bauschinger, 
who  has  rec  ntly  died ;  and  Prof.  A.  Ledebur  quotes  him  as  saying: 
{t  Strains  of  iron  and  steel  repeated  frequently,  millions  of  times, 
bring  about  no  change  of  structure." 

That  statement  seems  to  me  most  astonishing  when  it  is  well 
known  that  you  can  take  a  bar  of  iron  or  steel  and,  after  it  has  been 
subjected  for  years  to  shock  and  vibration,  to  all  appearances  there 
is  no  change  in  the  piece  of  metal ;  yet,  if  you  test  it,  you  will  find 
that  it  is  more  brittle ;  and  some  day  that  piece  breaks.  You  may  not 
find  the  evidence  of  cubical  crystallization,  but  it  always  breaks  with 
that  appearance  which  we  call  crystallization.  Now,  can  we  say 
that  that  piece  has  been  standing  all  this  shock  and  vibration  and 
has  finally  broken  without  molecular  disintegration  having  taken 
place  until  just  before  it  broke?  Can  we  say  that  that  piece  has  ex- 
perienced no  change  of  structure  ?  1  remember  that  at  one  of  our 
meetings  we  were  shown  some  pig-iron  that  was  very  hard  to  break  ; 
it  took  about  four  hundred  blows  of  a  sledge  to  break  it,  and  yet 
finally  it  did  break  with  a  single  blow.  The  same  way  with 
wrought-iron  and  steel.  It  resists  shock  a  long  time,  then  breaks. 
Something  has  happened  to  it.  It  may  not  be  crystallization.  I 
do  not  hold  that  iron  once  fibrous  becomes  crystallized  ;  but  to  say 
that  there  is  no  molecular  change  is,  I  think,  going  too  far.  The 
statements  made  about  Wohler's  experiments  proving  anything  about 
crystallization  do  not,  in  my  opinion,  prove  anything  at  all ;  because 
in  his  experiments  there  were  repeated  steady  loads  placed  on  gently, 
and  they  were  not  shocks  at  all.  In  the  paper  that  I  presented  fif- 
teen years  ago,  and  to  which  I  have  referred,  I  pointed  out  that  no 
scientific  experiments  on  the  resistance  of  steel  to  shock  had  been 
carried  on,  and  gave  a  design  for  a  machine  to  test  this  point.  I 
am  very  sorry  that  it  has  not  as  yet  been  built.  If  it  were  built,  I 
think  it  would  settle  this  matter  of  crystallization.     The  statements 
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marie  (luring  the  last  ten  to  fifteen  years  about  what  has  been  proved, 

i 
or  alleged  to  be  proved,  amount  to   nothing;  and  I  claim  that  the 

statements  that  no  crystallization  happens  are  all  theories  and  not 

deductions  from  actual  experiments.     If  we  can  get  a  translation  of 

Bauschinger's   experiments,  it  would  be  very  important ;  but   I   do 

not  think  he  would  go  so  far  as  to  say  that  there  was  no  molecular 

change.     He  says  that  no  change  of  structure  took  place;  but  the 

expression"  no  change  of  structure"  is  commonly  broadened  so  as 

to  cover  every  possible  kind  of  molecular  change.     It   may  be  all 

right  to  say  that  crystallization  does  not  happen,  or   to  say   that 

there  is  no  crystallization  which  has  been  determined  by  the  naked 

eye  or   by  the  microscope,  or  that  nothing  happens  so  far  as  we  can 

see;  but  as  long  as  pieces  of  iron,  after  long  service,  do  break  with 

ordinary  loads  when  they  are  apparently  just  as  strong  as  when  they 

were  new,  we  must  believe  that  during  this   long  service  something 

happened  to  the  iron  which  weakens  it,  which  something  is  equally 

dangerous   whether   we  call   it  crystallization,  change  of  structure, 

molecular  change  or  molecular  disintegration. 

John  Wilkes,  Charlotte,  N.  C. :  As  a  builder  and  user  of  stamp- 
mills  for  the  last  twenty-five  years,  I  have  to  differ  in  regard  to  the 
effect  stated  here.  I  do  not  go  into  any  theories  at  all,  because  I 
have  none;  but  my  experience  has  been  that  a  change  certainly  takes 
place  in  a  stamp-rod  near  the  boss  or  head.  Some  time  ago  the  cus- 
tom was  to  upset  or  cut  in  two  after  the  ends  broke  off,  and  weld 
together  in  the  middle.  Those  stamp-roils  we  found  broke  again  in 
the  middle,  away  from  the  weld,  where  the  iron  had  been  worked  in 
the  forge-fire.  Now,  stamp-users  in  my  section  of  the  country  only 
change  the  ends.  The  ends  break  clearly.  When  millers  were  not 
careful  in  regard  to.  their  work,  the  stamp-rods  broke  in  a  very  short 
time,  sometimes  in  six  months;  but  with  greater  care,  now,  the  life 
of  the  stem  is  about  two  years  and  a  half. 

Vice-President  J.  F.  Holloway,  New  York  City  (in  the 
Chair) :  By  changing  the  ends  you  mean  reversing  the  rods  and 
putting  the  head  on  the  other  end  ? 

Mr.  Wilkes:  Yes,  sir.  Without  an  exception,  all  broken  ends 
show  a  granular  crystallized  appearance.  Some  of  them  I  have  seen 
show  a  granular  structure  as  large  and  as  perfect  as  in  Scotch  pig. 
That  they  did  present  a  granular  effect  is  without  doubt,  and  it  con- 
tinued above  the  break,  as  these  rods,  when  upset,  did  not  break  in 
the  weld,  but  within  a  foot,  more  or  less,  of  the  portion  of  the  iron 
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which  had  been  again  worked  in  the  forge.  During  this  discussion, 
and  since  the  paper  was  read  in  Chicago,  I  have  taken  pains  to  ex- 
amine rods  which  have  been  sent  to  us  to  be  turned  over.  Within 
the  last  three  weeks,  rods  have  been  sent  to  us  that  had  been  in  use 
three  years.  One  of  them  had  quite  large  crystals,  such  as  you 
would  see  in  Scotch  pig-iron.  It  was  my  intention  to  bring 
one  of  those  stamp-ends  here,  as  it  would  have  shown  the  members 
of  the  Institute  that  the  fact  remains,  whatever  the  theory  may  be. 
If  there  is  any  place  where  this  question  of  vibration  can  be  brought 
up  and  looked  into,  it  is  in  a  stamp-mill.  Think  of  a  weight  of 
some  750  to  800  pounds  dropping  eighty  times  a  minute  for  days 
and  months.  If  granulation  or  crystallization  would  take  place 
anywhere,  it  certainly  would  be  there.  I  am  not  a  theorist  myself. 
I  accept  the  explosion  of  the  crystallization-theory.  At  the  same 
time,  in  a  stamp-rod,  the  fact  of  granulation  or  crystallization  does 
exist  without  any  doubt.  Within  the  last  year  we  have  begun  to 
substitute  steel  instead  of  iron,  but  with  what  effect  I  am  not  as  yet 
able  to  say.  We  find  that  in  mills  that  are  properly  taken  care  of, 
so  that  the  vibration  is  reduced  as  much  as  possible,  rods  have  a 
longer  term  of  life.  Packing  the  end  of  the  rod  with  cloth  before 
it  is  driven  into  the  boss-head  will  increase  the  life  of  the  rod.  Sci- 
entific men,  to  whom  I  listen  with  a  very  great  deal  of  interest,  may 
be  able  to  tell  whether  steel  will  stand  this  vibration  better  than 
iron  or  not.  We  have  found  that  the  use  of  steel  in  other  parts  of 
the  stamp-mill  where  the  vibration  comes  has  proved  advantageous. 

Mr.  Holloway:  I  would  like  to  ask  Mr.  Wilkes  whether  it 
has  ever  been  the  practice  of  people  using  stamps  to  take  these  stamp- 
rods  out  at  intervals  and  reheat  them  in  a  wood-fire? 

Mr.  Wilkes:  I  do  not  know  of  anything  of  the  kind  having 
been  done.  As  a  user  of  stamp-rods,  as  well  as  a  maker,  I  question 
whether  a  wood-fire  would  do  away  with  this  granulation,  which 
certainly  does  exist  after  some  years'  use. 

Dr.  Raymond  :  Is  there  any  notable  tendency  on  the  part  of 
stamps  in  the  South — with  which  section  of  the  country  Mr.  Wilkes 
is  more  particularly  acquainted — to  break  just  under  the  tappets? 

Mr.  Wilkes:  I  do  not  know  of  any  breakage  of  that  kind.  The 
breakage  is  just  in  the  edge  of  the  box  or  the  head. 

William  R.  Webster,  Philadelphia,  Pa. :  I  would  like  to  ask 
Mr.  Wilkes  if  the  boss  on  the  rod  is  put  on  by  upsetting? 

Mr.  Wilkes:  No;  it  is  only  where  a  rod  is  broken  that  we  up- 
set it.     We  use  the  best  refined  iron.     The  rods  are  turned  up,  and 
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then  tapered  in  the  lathe  to  the  taper  of  the  head,  the  end  of  the 
rod  bein«:  made  a  little  smaller  than  the  rest  of  it.  Both  ends  are 
tapered.  The  mortice  in  the  head  is  tapered,  and  the  stamp  rod  is 
driven  in  ;  it  only  requires  one  or  two  blows  to  make  it  tight.  In 
all  the  fractures,  I  have  never  observed  one  that  extended  out  of  the 
level  above  the  boss-head  an  eighth  of  an  inch.  It  is  as  if  it  had 
been  cut  off  with  a  knife. 

Mr.  Holloway:  It  is  the  practice  of  lumbermen,  I  know,  to 
take  their  log-chains  and  throw  them  on  a  log  fire  and  heat  them  up 
at  regular  intervals;  and  it  has  been  found  from  experience  that  the 
life  of  a  log-chain  is  very  much  prolonged  by  doing  that. 

Mr.  Wilkes:  I  should  think  that  might  be  a  wood  thing  to  do. 
At  the  same  time,  the  use  of  a  log-chain  is  very  different  from  the 
vibrations  of  a  stamp-rod.  I  know  of  no  place  where  the  vibration 
is  so  great  as  in  a  stamp-rod,  particularly  in  a  mill  that  is  not  taken 
care  of  properly. 

Albert  R.  Ledoux,  New  York  City  :  It  may  be  interesting  to 
put  on  record  an  experiment  which  I  made  that  confirms  very 
strongly  the  statements  in  the  authorities,  that even  the  best  wrought- 
iron  will  break  under  certain  circumstances  with  the  fracture  of  cast- 
iron.  A  few  years  ago  a  steamship  broke  her  shaft  just  at  the  point 
where  the  crank-arm  joined  the  shaft.  It  was  forged  on.  Under 
the  Admiralty  law,  the  case  having  come  up  in  the  United  States 
Court,  it  was  held  that  if  that  shaft  broke  from  a  flaw  within  it, 
although  the  owner  of  the  vessel  could  not  possibly  have  ascertained 
that  the  flaw  was  there,  yet  he  was  liable  for  the  loss  of  the  cargo — 
which  happened  to  be  fruits  from  the  West  Indies.  If,  on  the  other 
hand,  the  break  was  caused  by  the  stress  of  weather,  then  the  loss 
would  fall  on  the  insurance  company.  It  was,  therefore,  an  impor- 
tant matter  to  show  why  the  shaft  broke.  I  was  an  expert  witness 
in  the  case,  and  had  opposed  to  me  an  eminent  marine  engineer.  He 
examined  the  fracture  of  the  shaft,  and  testified  that  it  was  undoubt- 
edly due  to  the  poor  quality  of  the  iron  ;  that  the  fracture  was  gran- 
ulated ;  and  that  the  granulation  was  not  due  to  age,  but  to  the  fact 
that  the  shaft  was  poor  in  the  beginning.  I  simply  placed  in  evi- 
dence Kirkakly's  work,  and  called  attention  to  the  fact  that  there 
might  have  been  a  sudden  strain  upon  the  shaft,  and,  if  so,  accord- 
ing to  Kirkaldy,  it  might  break  with  crystalline  fracture.  In  order 
to  test  this  theory  of  Kirkakly's,  I  went  to  the  Rogers  locomotive 
-works  and  asked  them  to  give  me  one  of  their  best  wrought-iron 
car  axles.     This  axle  we  broke  on  an  anvil  by  means  of  a  steam- 
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hammer,  bending  it  hack  and  forth  until  it  was  broken  with  fibers 
as  long  as  your  finger.  It  was  a  new  axle.  We  then  laid  one-half 
of  the  axle,  with  the  fibrous  end,  on  the  anvil,  and  tapped  it  gently 
until  we  had  straightened  it.  Then  the  piece  was  placed  between  two 
rather  narrow  supports,  and  the  full  force  of  the  hammer  was  allowed 
to  strike  it  with  a  blow  of  many  tons.  It  suddenly  broke,  and  I 
had  a  piece  six  inches  long,  one  end  of  which  was  beautifully  fibrous 
and  the  other  end  showed  coarse  crystals.  That  piece  we  took  into 
court  and  established  our  esse. 

R.  P.  Rothwell,  New  York  City:  I  think  there  can  be  no 
question  among  those  who  have  used  iron  and  steel  under  such  con- 
ditions as  have  been  described  that  there  is  a  molecular  change  under 
certain  circumstances.  Whether  that  change  be  due  altogether  to 
shock  or  not  is,  perhaps,  an  open  question.  At  least,  the  same  effect 
seems  to  be  obtainable  by  different  means.  At  one  time  I  was  using 
a  very  soft  steel  wire  rope.  It  was  too  soft  for  ordinary  use.  We 
were  using  it  on  a  slope,  and  the  lower  end  of  it  would  become 
highly  crystalline.  Periodically  we  would  have  to  cut  off  six  or 
eight  feet  of  it.  The  wire  before  its  crystallization  (and  I  call  it 
crystallization  for  convenience)  was  extremely  tough.  You  could 
twist  it  round  and  round  many  times  without  breaking  it;  and  when 
it  did  finally  break  it  showed  the  finest  silky  texture.  But  where  it 
broke  at  the  end  of  the  rope  in  use,  it  appeared  under  a  magnifying- 
glass  as  if  the  carbon  of  the  steel  had  collected  into  flakes  of  graph- 
ite running  across  the  structure  of  the  steel,  and  it  had  broken  through 
these  graphite  structures.  We  attributed  this  effect  to  the  acid  water 
of  the  mine.  It  was  a  coal  mine,  and  the  rope  would  get  wet  at  the 
foot  of  the  slope.  Now,  a  stamp-stem  is  sprinkled  constantly  with 
water,  and  that  water  is  very  likely  to  be  more  or  less  acid.  It  may 
be  admitted  freshly,  yet  still  it  is  almost  always  in  contact  with  py- 
rites in  the  ore.  I  merely  suggest  whether  there  may  not  possibly 
be  some  such  action  as  that  which  we  observed  with  the  steel  wire 
rope. 

Mr.  Hollovvay  :  Is  it  not  true  that  at  the  bottom  of  the  slope 
there  would  be  a  little  slack  at  the  end  of  the  rope,  and  that  in  taking 
up  the  slack  the  tension  would  come  suddenly  on  that  end  of  the 
rope  ? 

Mr.  Rothwell:  Yes,  to  a  certain  extent.  It  would  not  be  sud- 
den, however.  With  a  wire  rope  500  or  600  feet  in  length  there  is  so 
much  spring  that  you  would  get  no  sudden  jar — nothing  that  you 
could  fairly  look  to  as  a  cause  for  crystallization  in  the  wire. 
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Me.  Wilkes:  There  is  no  question  in  my  mind  but  that  mine- 
water  will  have  an  effect  in  the  way  Mr.  Rothwell  described.  In 
the  South,  however,  miners  do  not  use  mine-water  in  their  stamp- 
mills,  if  it  is  possible  to  get  surface- water,  on  account  of  its  effect 
on  amalgamation.  Therefore,  the  water  we  use  could  not  have  much 
effect  on  the  iron. 

Joseph  C.  Peatt,  Waterford,  N.  Y. :  This  discussion  brings  up 
some  reminiscences  of  the  time  when  I  was  a  young  man  and  em- 
ployed in  puddling.  I  remember  distinctly  breaking  puddling- 
tools,  the  ends  of  which  were  about  seventh-eighths  of  an  inch  in 
diameter,  with  a  hammer  weighing  not  over  four  pounds,  when 
striking  the  tool  a  blow  only  sufficient  to  jar  off  the  cinders.  It 
was  a  blow  which  would  not  have  probably  driven  a  ten-penny  nail 
half  an  inch  into  a  plank,  and  yet  it  broke  the  bar  in  a  manner  that 
would  indicate  that  something  was  wrong  with  the  iron.  These 
handles  were  used  for  probably  twenty-five  years.  The  end  that 
was  put  into  the  furnace  was,  of  course,  renewed  frequently.  When 
a  tool  became  hot  it  was  pulled  out  and  another  put  in,  and  it  was 
simply  subjected  to  the  jar  of  the  puddle-bar  on  the  front-plate 
under  the  notch.  It  was  a  very  common  occurrence  for  the  handle 
to  break  off  under  a  blow  such  as  I  have  stated.  It  seemed  to  me  a 
very  strange  thing  that  iron  which  had  lasted  for  years  would  sud- 
denly break  in  that  manner. 

A  Member:  It  was  at  blue  heat,  probably. 

Mr.  Peatt  :  No ;  that  end  of  the  tool  did  not  get  very  hot.  That 
was  the  cold  end. 

W.  F.  Durfee,  West  Brighton,  Staten  Island,  N.  Y. :  In  a  lec- 
ture delivered  May  11,  1887,  at  Annapolis,  Md.,  before  the  United 
States  Naval  Institute  (See  Trans.,  U.  S.  Naval  Institute,  vol.  xiii., 
No.  3,  pages  369-376),  I  discussed  this  question  at  considerable 
length,  and  the  following  statement,  condensed  from  that  lecture, 
expresses  my  view  to-day  as  completely  as  it  did  eight  years  ago. 
The  portions  omitted  in  this  abridgement  were  in  the  nature  of  ex- 
planatory repetitions  and  illustrations,  adapted  to  a  popular  audi- 
ence, but  not  necessary  here  : 

Wrought- iron  is  really  a  mechanical  mixture  consisting,  at  its  best,  of  clusters 
of  crystals  (which  may  with  propriety  be  regarded  as  compound  crystals)  of  iron, 
separated  from  each  other  by  films  or  threads  of  cinder,  as  the  unavoidable  result 
of  the  process  of  manufacture.  When  the  puddler's  balls  are  squeezed  cr  ham- 
mered, for  the  purpose  of  expelling  the  cinder  and  welding  the  granules  or  crystals 
of  iron  into  a  homogeneous  mass,  the  attempt  is  never  wholly  successful;   for  tike 
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cinder,  as  the  metal  cools,  quickly  becomes  pasty  and  flows  with  difficulty,  so  that 
portions  of  it,  inclosed  in  the  interior  cavities  of  the  ball,  are  simply  flattened  out 
or  elongated,  but  not  removed.  Hence  the  bloom  is  a  complete  mass  of  granules 
or  crystals  of  iron,  separated  from  each  other  by  films  or  strings  of  cinder  of  very 
irregular  dimensions. 

By  crystals  of  iron  I  mean  ultimate  units  of  that  metal  bounded  by  well-defined 
planes,  whose  intersections  always  form  salient  angles.  A  number  of  such  crystals 
may  cohere  and  form  an  aggregation,  and  such  aggregations,  or  compound  crystals, 
vary  in  size,  and  are  often  spoken  of  as  single  crystals,  just  as  we  speak  of  crystals 
of  galena  or  calc-spar,  when,  as  a  matter  of  fact,  the  ultimate  crystal  of  each  of 
these  substances  remains  undiscovered,  and  as  undiscoverable  as  the  boundaries 
of  space. 

In  forging  a  bar  it  is  the  usual  practice  to  turn  it  about  its  axis  through  an  angle 
of  90°  between  the  blows  (or  series  of  blows)  of  the  hammer,  and  in  rolling  a  bar 
it  is  commonly  turned  through  the  same  angle  between  passes  through  the  rolls. 
Consequently,  when  a  bloom  is  rolled  or  forged  into  a  bar  the  metal  is  acted  upon 
in  two  directions,  at  right-angles  to  each  other,  and  its  compound  crystals  will  be 
compressed  in  directions  normal  to  the  exterior  surface  of  the  bar  and  at  the  same 
time  extended  in  the  direction  of  its  length.  Thus  the  ends  of  adjacent  crystals 
are  forced  toward  each  other,  and  the  intervening  cinder,  endeavoring  to  escape,  is 
compelled  to  move  at  right  angles  to  the  axis  of  the  bar  and  to  unite  with  the  films 
or  threads  of  cinder  which  have  become  established  in  parallel  lines  of  least  resist- 
ance along  the  flanks  of  the  compound  crystals  and  at  right  angles  to  the  direction 
of  the  force  upon  the  bar. 

The  direct  consequence  of  the  elongation  of  the  compound  crystals  and  the  effort 
of  the  intervening  cinder  to  escape  in  the  direction  of  least  resistance  is  the  establish- 
ment of  that  structural  peculiarity  in  the  resulting  bar  known  as  "  fiber,"  which  is 
a  conspicuous  feature  of  wrought-iron  not  found  in  any  other  variety  of  ferruginous 
material.  When  any  of  the  films  or  threads  of  cinder  in  a  bar  of  wrought-iron  are 
so  large  as  to  be  distinctly  visible  on  its  surface  to  the  unassisted  eye  they  are  called 
"  sand-seams  "  or  ''  cinder-cracks." 

If  its  compound  crystals  are  merely  pure  iron,  the  bar  can  be  readily  bent  cold 
without  fracture,  and,  if  pulled  asunder  by  a  gradually  augmented  force,  its  fibrous 
texture  is  at  once  evident;  but  in  case  the  compound  crystals  contain  in  chemical 
combination  some  substances,  such  as  phosphorus  or  silicon,  which  tend  to  dimin- 
ish both  the  cohesive  attraction  between  crystals  and  the  mutual  attraction  of  the 
compound  crystals,  then  the  bar  cannot  be  easily  bent  cold  without  rupture,  and 
exhibits,  when  broken,  a  so-called  ''crystalline  fracture."  Notwithstanding  this 
appearance,  however,  the  mechanical  structure  of  the  bar  is  the  same  as  before,  that 
is  to  say,  the  cinder  and  the  elongated  compound  crystals  are  still  arranged  in  lines 
parallel  with  the  axis  of  the  bar,  although  it  is  quite  probable  that  the  average 
length  of  the  compound  crystals  may  not  be  much  less  than  in  the  case  of  a  bar  of 
purer  iron. 

Whenever  a  bloom  is  subjected  to  a  force  of  compression  always  acting  perpen- 
dicularly to  the  same  plane,  as  is  the  case  when  it  is  rolled  into  a  sheet  or  plate, 
both  its  compound  crystals  and  the  accompanying  cinder  are  flattened  and  extended 
parallel  with  that  plane,  and  the  resulting  sheet  or  plate  has  more  of  a  laminated 
than  a  fibrous  structure,  being  built  up  of  a  number  of  leaves  or  strata  of  iron, 
separated  from  each  other  by  films  of  cinder,  which,  when  unduly  thick  at  any 
point,  cause  defects  in  the  plate  that  are  called  "  blisters." 

Can  a  bar  of  wrought-iron  of  a  pronounced  fibrous  structure  he  ruptured  so  as  to 
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exhibit  a  crystalline  fracture?  I  answer,  Yes,  in  two  ways:  first,  by  a  sudden  ap- 
plication of  a  force  of  extension  commonly  called  a  "jerk;"  second,  by  a  pro- 
longed repetition  of  a  force  of  compression,  sometimes  called  a  "jar." 

The  first  method  of  rupture  may  be  said  to  consist  of  a  transverse  separation  of 
the  compound  crystals  of  the  bar,  as  distinguished  from  a  sliding  of  their  interlock- 
ing flanks  upon  each  other,  as  is  the  case  when  the  rupture  presents  a  fibrous  ap- 
pearance. I  have  often  seen  crystalline  fractures  produced  in  truly  fibrous  iron. 
In  the  manufacture  of  iron  rails  (now  nearly  an  extinct  industry)  it  was  always 
considered  desirable  that  they  should  be  of  a  hard  and  crystalline  texture  as  to 
their  heads,  but  soft  and  fibrous  in  their  flanges;  but,  however  perfectly  this  dis- 
tribution of  metal  was  made,  it  was  always  possible  to  break  a  rail  so  as  to  show  a 
crystalline  fracture  in  its  flange.  This  was  accomplished  by  making  a  slight  nick 
across  the  flange  (to  determine  the  point  of  fracture)  and  placing  the  rail  (flange 
down)  in  the  straightening-press,  on  supports  placed  a  short  distance  on  either  side 
of  the  nick  and  then  putting  in  the  gag  ''heavy,"  just  over  it ;  the  result  was  almost 
always  a  crystalline  fracture  in  the  flange  ;  in  short,  the  elongated  compound  crys- 
tals were  jerked  asunder.  But  if  the  points  supporting  the  rail  were  placed  further 
apart,  and  the  rail  given  an  opportunity  to  yield  considerably  between  them,  then, 
if  the  gag  was  put  in  "  light"  a  number  of  times  in  succession,  the  fracture  of  the 
flange  would  be  sure  to  exhibit  a  fibrous  texture,  due  to  the  fact  that  sufficient  time 
had  been  given  to  break  up  the  films  of  cinder  along  the  flanks  of  the  compound 
crystals  and  destroy  their  transverse  cohesion,  thus  permitting  them  to  slide  apart 
and  exhibit  the  appearance  of  disrupted  fibers. 

We  are  indebted  to  a  not  uncommon  accident,  to  which  the  hammer-bars  of  a 
peculiar  type  of  steam-hammer  are  liable,  for  an  excellent  illustration  of  the  second 
method  of  producing  a  crystalline  fracture  in  fibrous  iron,  the  result  of  the  repeated 
action  of  a  percussive  force  of  compression.     In  Fig.  1  the  bar  of  such  a  steam- 
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hammer  is  represented.  As  lias  been  stated,  there  exist,  in  a  bar  of  fibrous  iron, 
films  of  cinder  between  the  ends  of  its  elongated  compound  crystals.  These,  from 
the  nature  of  their  formative  process,  cannot  possibly  be  of  uniform  thickness. 
This,  considered  in  connection  with  the  fact  that  the  greatest  force  of  the  percussive 
action  per  unit  of  area  of  any  cross-section  of  the  hammer-bar  is  exerted  upon  a 
section  made  by  a  plane  cutting  the  bar  at  right  angles  immediately  above  its  head, 
justifies  the  belief  that  at  or  near  this  point  fracture  would  be  most  likely  to  occur. 
It  is  also  evident  that  the  percussive  action  of  the  hammer  would  have  more  de- 
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structive  effect  upon  thick  than  upon  thin  films  of  cinder;  while,  at  (he  same  time, 
the  force  of  cohesion  between  the  ends  of  adjacent  compound  crystals  will  be  di- 
minished in  some  inverse  proportion  to  the  thickness  of  the  films  of  cinder  between 
them.  It  therefore  seems  exceedingly  probable  that  the  fracture  due  to  continued 
percussion  will  take  place,  if  not  in  the  plane  above  named,  yet  in  one  very  near  to 
it,  in  which  the  cinder-films  chance  to  be  of  greater  thickness  than  those  in  that 
plane  ;  and,  as  a  matter  of  fact,  fractures  in  such  bars  are  usually  within  a  few  inches 
of  the  point  where  the  bar  enters  its  head,  as  at  G — H,  Fig.  1. 

The  particular  point  in  the  circumference  of  such  a  hammer-bar  where  the  im- 
minent fracture  first  appears  is  often  determined  by  the  manual  peculiarity  of  the 
"hammer-man."  A  left-handed  man  will  incline  his  work  to  the  left,  and  a  man 
who  is  right-handed  will  be  likely  to  use  the  right  side  of  the  anvil  more  than  the 
left.  In  the  latter  case,  the  work  B,  Fig.  1,  will  tend  (whenever  it  is  in  the  posi- 
tion shown)  to  produce  a  tensile  strain  at  the  point  G,  which,  as  the  work  is  shifted 
to  the  center  or  occasionally  to  the  left  side  of  the  anvil,  becomes  a  compressive 
strain.  "We  should,  therefore,  expect  (as  is,  in  fact,  the  case),  that  the  initial  mani- 
festation of  the  fracture  would  be  found  at  that  point,  and  that  it  would  gradually 
extend  towards  H,  until  the  bar  was  finally  'jarred"  asunder.  The  separation 
would  take  place  through  films  of  cinder  between  the  ends  of  the  elongated  com- 
pound crystals  of  the  bar,  thus  exposing  those  ends,  and  exhibiting  what  is  called  a 
crystalline  fract  ire. 

The  belief  in  the  so-called  crystallization  of  wrought-iron,  as  the  result  of  pro- 
longed use,  is,  I  think,  altogether  a  mistake  ;  and  I  am  clearly  of  the  opinion  that 
the  crystallization  observed  in  the  case  of  any  particular  fracture  existed,  just  as  we 
see  it,  at  the  time  the  metal  was  given  the  shape  in  which  it  was  ruptured.  After 
a  bar  of  distinctly  fibrous  wrought-iron  has  been  subjected  to  multitudes  of  sudden 
jerks  of  extension  or  jars  of  percussive  compression,  the  cinder  in  some  cross-section 
of  it  (in  which  this  impurity  is  slightly  thicker  than  elsewhere)  gets  broken  up; 
cohesion  is  destroyed,  and  the  bar  breaks  with  a  crystalline  fracture. 

I  have  had  a  specimen  prepared  for  the  purpose  of  making  the  foregoing  expla- 
nation of  the  apparent  crystallization  of  fibrous  iron  more  evident.  It  is  a  short 
piece  of  a  square  bar  of  wrought-iron.  One  end  is  decidedly  crystalline  in  its  frac- 
ture, showing  distinctly  that  the  bar  was  originally  built  up  of  five  flat  bars.  The 
other  end  is,  for  more  than  one-halfof  its  area,  as  decidedly  fibrous  as  wrought-iron 
can  well  be;  and  this  end  would  have  been  uniformly  fibrous  in  appearance  had  the 
workman  who  made  the  specimen  exercised  the  requisite  care.  Thus,  in  a  sample 
not  over  two  inches  in  length,  we  have  an  instance  of  a  fracture  which  most  obser- 
vers would  call  very  bad,  and  another  which  as  certainly  would  be  called  good. 

It  is  a  well-known  fact  that  wrought-iron  is  improved  in  strength  by  repeated 
working.  This  may  be  accounted  for  thus:  In  the  initial  heating  and  shaping  of 
the  metal,  its  crystals  were  left  wilh  a  comparatively  thick  film  of  cinder  between 
them  ;  but,  by  each  successive  reworking,  the  crystals  of  metal  are  driven  into 
closer  order,  some  of  the  intervening  cinder  is  expelled,  and  what  remains  is  very 
much  reduced  in  thickness,  so  that  the  cohesive  attraction  (whatever  that  may  be) 
between  these  crystals,  having  less  space  to  act  through,  acts  with  augmented  in- 
tensity. It  is  well  to  remember,  when  we  speak  of  "less  space"  in  a  matter  of  this 
kind,  that  we  are  dealing  with  a  very  small  quantity  indeed  — one  that  is  a  near 
neighbor  to  the  infinitesimal. 

VV.  H.  Shcckley,  San  Francisco,  Cal. :   With  regard  to  the  use 
of  mine- water  in  the  battery,  the  custom  on  the  Pacific  coast  is  the 
vol.  xxiv. — 53 
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same  as  Mr.  Wilkes  states  it  to  be  in  North  Carolina.  Mine-water 
is  not  used  in  the  battery  when  it  can  be  avoided. 

I  do  not  think  the  water  causes  the  stamps  to  break,  as  suggested 
by  Mr.  Rothwell ;  for  they  last  longer  in  a  wet-crushing  mill  than 
they  do  in  a  dry-crushing  one,  where  no  water  at  all  is  used. 

From  my  own  observation,  I  do  not  think  the  vibration  causes  the 
stamp-stems  to  crystallize  and  hence  to  break.  The  chief  strain  on 
a  stamp-stem  is  a  bend ing-st rain,  caused  by  pieces  of  rock  tilting  the 
stamp  when  struck  by  the  circumference  of  the  shoe.  This  gives  a 
strain,  nearly  all  the  effect  of  which  is  concentrated  at  the  place  where 
the  stem  enters  the  boss  ;  and  it  usually  breaks  at  this  place.  I  have 
noticed  on  shafts  that  have  been  broken  flattened  places  on  the  frac- 
tured surface,  showing  that  the  bending  caused  enough  motion  to 
wear  the  surfaces  smooth. 

The  pieces  of  metal  mentioned  by  Dr.  Ledoux  and  Mr.  Durfee 
prove  conclusively  that  the  appearance  of  the  fracture  does  not  show 
what  the  internal  structure  of  the  metal  was  before  it  was  broken. 

If  the  vibration  causes  stamp-stems  to  crystallize  and  break,  it 
certainly  requires  a  very  long  time  to  produce  that  effect ;  for  I  have 
known  stamps  to  be  in  use  for  four  years,  dropping  95  times  per 
minute  throughout  that  period,  which  would  give  something  over 
200,000,000  blows. 

As  a  matter  of  interest,  however,  I  remark  that  aTl  the  black- 
smiths and  manual  workers  of  iron  with  whom  I  have  talked  be- 
lieve that  iron  will  crystallize  under  shock. 

Mr.  Webster  :  Some  years  ago,  an  inspector  of  bridge-material, 
after  making,  thorough  tests  of  double-refined  iron  bars  for  eye-bars, 
was  so  well  satisfied  with  the  tension-,  bending-  and  nicking-tests 
that  he  made  a  special  report  to  the  rolling-mill,  saying  that  it  was 
the  best  material  he  had  ever  inspected.  After  these  bars  had  been 
manufactured  and  shipped  to  the  mill-site,  a  test  of  the  full-sized 
bars  was  received,  which  showed  very  poor  results,  the  bars  having 
been  broken  through  the  head  and  in  the  neck  with  bad  crystalline 
fractures  and  low  ultimate  strength.  The  bars  were  all  condemned 
and  taken  out  of  the  structure.  A  thorough  investigation  was  made 
of  this  material  by  nicking-tests,  starting  in  the  center  of  the  bar 
and  going  towards  the  end;  and  in  all  cases  good  results  were  ob- 
tained from  the  body  of  the  bar,  and  crystalline  fractures  in  the 
neck.  Bending- tests  without  nicking  showed  the  same  difference. 
In  many  cases  the  bars  did  not  bend  10  degrees  in  the  neck,  but  eveu 
at  the  first  stroke  or  two  of  the  small  hydraulic  jack  that  we  were 
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using,  the  sharp,  snapping  sounds  were  heard  and  the  material  gave 
way  all  at  once.  The  crystals  were  very  large.  Additional  tension- 
tests  of  the  full-sized  bars  were  made,  and  some  of  them  broke  in 
the  neck  with  as  low  an  ultimate  strength  as  42,000  pounds  per 
square  inch,  the  fractures  being  all  crystalline.  Had  these  bars  been 
in  use  several  years,  when  this  trouble  was  discovered,  it  no  doubt 
would  have  been  cited  as  another  instance  of  crystallization  of  the 
material,  caused  by  the  vibration. 

I  cite  this  to  show  the  importance  of  knowing  the  heat-treatment 
to  which  iron  has  been  subjected  before  we  attempt  to  theorize  on  the 
change  of  structure  due  to  vibration. 

In  1884,  Mr.  Peck,  superintendent  of  bridges  for  the  Missouri 
Pacific  Railroad  Company,  called  my  attention  to  the  fracture  of 
some  eye-bars,  taken  from  the  wreck  of  one  of  their  bridges,  which 
had  been  knocked  down  by  a  derailed  train.  These  bars,  he. claimed, 
were  made  from  good  material  by  one  of  the  leading  bridge  com- 
panies of  the  country,  and  yet  they  broke  off  short  like  pot- metal. 
Upon  thoroughly  investigating,  we  found  that  the  bars  had  broken 
through  the  neck,  with  a  coarse,  crystalline  fracture.-  I  called  his 
attention  to  the  trouble  often  caused  in  that  portion  of  the  bar  in  the 
course  of  manufacture;  and  he  embodied  in  his  new  specifications  a 
clause  which  called  for  "eye-bars  to  withstand  bending  to  a  curve  of 
90  degrees  in  the  neck."  This  test  was  carried  out  by  subjecting 
to  a  welding-heat  a  piece  of  the  bar  about  16  inches  long,  allowing 
it  to  cool  slowly  without  putting  work  upon  it,  and  then  bending  it 
under  a  press.  Several  lots  of  material  were  condemned  as  not 
meeting  this  test. 

In  1881,  while  we  were  making  bending-tests  of  double-refined 
bar-iron  under  a  small  hydraulic  press,  the  work  was  interrupted 
after  several  pieces  had  been  bent  about  170  degrees  over  a  2-inch 
round.  Twelve  hours  afterwards,  these  pieces  were  put  on  end  under 
the  hydraulic  press  and  we  attempted  to  close  them  down  further. 
Much  to  our  surprise,  they  broke  off  short,  the  fracture  being  100 
per  cent,  granular.  At  first  it  was  thought  that  the  cold  might 
have  had  something  to  do  with  this,  as  it  was  in  the  winter  season 
and  the  pieces  had  been  left  out  overnight ;  but  upon  repeating  the 
experiment  and  keeping  the  pieces  indoors  all  night,  at  a  tempera- 
ture of  about  70°  Fahr.,  we  got  the  same  short  fractures  as  ob- 
tained before.  The  same  bars,  when  broken  in  the  ordinary  way, 
that  is,  without  any  interruption  of  the  test,  gave  fibrous  fractures 
and  were  satisfactory  in  every  respect.     This  experiment  was  re- 
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peated  on  different  sizes  and  makes  of  iron  ;  and  sometimes  the  frac- 
ture was  changed  and  sometimes  not.  (I  refer  to  the  fractures  as 
granular,  as  they  were  entirely  different  from  the  crystalline  fractures 
cited  above  as  being  produced  by  the  heating  of  the  bars.)  It  would 
be  interesting  to  follow  up  a  set  of  experiments  on  this  line  and 
carefully  note  all  the  conditions,  including  chemical  composition,  in 
order  to  get  at  the  cause  of  this  apparent  change  of  structure. 

I  believe  I  have  still  a  piece  of  one  of  these  bars,  about  four  inches 
long,  one  end  of  which  is  entirely  granular  and  the  other  end 
fibrous. 

Dr.  Raymond  :  It  will  be  remembered  that  this  controversy  origi- 
nated as  a  side-issue,  in  connection  with  a  casual  observation  (Trans., 
xxiii.,  143j  in  Mr.  Ricka»rd's  paper  on  "The  Limitations  of  the 
Gold  Stamp-Mill."  The  discussion  having  taken  a  wide  range,  and 
aroused  special  interest,  it  has  been  deemed  advisable  to  publish  this 
continuation  in  the  present  volume  under  a  new  title,  more  pre- 
cisely indicating  its  subject. 

This  discussion  illustrates  forcibly  the  importance  of  attaching 
definite  meaning  to  the  terms  employed  in  describing  observed  facts. 
"  Molecular  change"  and  similar  phrases — even  "  change  of  struc- 
ture"— may  be  (and,  I  fancy,  have  been,  in  this  discussion)  employed 
as  signifying  no  more  than  incipient  fracture,  or  the  progressive  sep- 
aration of  the  units  of  structure  in  the  line  of  stress,  or  the  gradual 
diminution  of  tensile  strength  under  repeated  stresses.  Strictly 
speaking,  not  one  of  these  phenomena  necessarily  involves  molecular 
change,  such  as  is  involved  in  the  rearrangement  of  the  molecules, 
to  form  crystals.  That  they  do  indicate,  in  a  certain  sense,  a  struc- 
tural change,  is  not  denied.  But  this  change  may  be  the  same  in 
kind  as  that  produced  by- any  kind  of  fracture.  When  any  two 
continuous  elements  of  structure  are  pulled  apart,  whether  gently  or 
violently,  gradually  or  suddenly,  there  is  a  change  of  structure,  if 
we  choose  to  call  it  so.  But  it  is  useless  to  confound  that  change 
with  one  that  is  supposed  to  take  place  prior  to  any  rupture  between 
the  elements.  When  Mr.  Kent  speaks  of  "  molecular  disintegra- 
tion," I  understand  him  to  mean  a  loosening  of  the  existing  struc- 
ture, not  the  formation  of  a  new  one;  and,  in  that  sense,  I  conceive 
that  he  is  stating  exactly  the  position  assumed  by  modern  investiga- 
tor-, who  fail  to  find  any  proof  of  a  radical  change  of  structure  pre- 
ceding fracture. 

Mr.  Kent  does  "not  hold  that  iron  once  fibrous  becomes  crystal- 
lized," yet  declares  that  "the  statements  that  no  crystallization  hap- 
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pens  are  all  theories."  I  must  repeat  ray  protest  on  the  latter  point. 
The  advocates  of  the  crystallization-theory  have  no  right  to  call 
simple  disbelief  in  this  proposition  a  "  theory."  It  is  incumbent  on 
them  to  prove  their  position;  they  cannot  demand  that  doubters 
should  prove  a  negative.  As  to  the  only  theory  here  under  discus- 
sion, it  is  perhaps  not  fairly  represented  by  the  proposition  that 
"iron  once  fibrous  becomes  crystallized."  If  that  be  the  theory, 
then  it  suffers  under  a  double  lack  of  proof;  for  there  is  no  evi- 
dence that  any  iron  is  fibrous  prior  to  rupture.  We  produce  a 
fibrous  or  a  non-fibrous  fracture  at  will,  according  to  the  method  of 
breaking. 

Mr.  Durfee's  explanation  of  the  process  of  fracture  in  wrought- 
iron  seems  to  me  to  satisfy  the  observed  facts,  although  I  do  not 
think  that  the  presence  of  films  of  cinder  between  the  elements  of 
structure  is  absolutely  necessary  to  an  explanation.  Planes  of 
smaller  cohesion  might  suffice.  What  Mr.  Durfee  has  pointed  out 
concerning  the  breaking  of  steam-hammers  is,  to  my  mind,  pertinent 
and  conclusive;  and  I  deem  it  highly  significant  that  he  has  directly 
observed,  in  such  cases,  incipient  fracture. 

It  seems  to  me  also  significant  that  Mr.  Wilkes's  stamp-stems 
break  only  just  above  the  head  and  not  under  the  tappet,  while  Mr. 
Austin  reports  that  in  western  mills  the  stamps  break  in  both  places. 
I  am  inclined  to  infer  that  the  North  Carolina  arrangement  of  tap- 
pets and  cams  is  superior;  and  I  may  go  further  and  say  that  pos- 
sibly some  better  connection  between  stem  and  head  might  reduce 
the  amount  of  breakage  in  both  types  of  mills.  I  venture  to  believe 
that  if  a  stamp  were  composed,  for  instance,  of  one  solid  cylinder  of 
iron,  of  equal  diameter  throughout,  there  would  be  no  sign  of  "crys- 
tallization "  in  it  if  it  ran  fifty  years.  In  other  words,  I  think  there 
is  no  proof  of  an  inevitable  destruction  of  the  material,  by  the  oper- 
ation of  a  universal  law,  which  cannot  be  largely  prevented  by 
strengthening  the  parts  now  exposed,  without  special  protection,  to 
nicking-  and  bendiug-strains. 

In  this  connection,  I  would  call  attention  to  two  very  able  and 
thorough  articles  by  Mr.  Paul  Kreuzpointner,  of  Altoona,  Pa.,  enti- 
tled, "  Do  Iron  and  Steel  Crystallize  in  Service?"  and  published  in 
the  Iron  Age  of  July  5th  and  September  27th,  1894.  Mr.  Kreuz- 
pointner is  the  accomplished  assistant  of  Dr.  Dudley  in  the  Altoona 
laboratory  of  the  Pennsylvania  Railroad  Co.  His  discussion  of  this 
subject  ought  to  convince  any  one  who  still  inclines  to  the  "crystal- 
lization-theory"  of  the  baseless   and    untenable  character  of   that 
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theory.     I  will  quote  but  one  sentence  from  his  second  article,  which 
gives  a  new  reason  for  disputing  the  traditional  error.     He  says: 

"It  would  hardly  be  worth  while  to  take  the  old  superstition  about  the  crystalli- 
zation of  iron  under  shock  seriously  at  this  late  day,  if  it  were  not  for  the  fact  that 
this  superstition  is  being  transferred  to  steel.  This  is  really  a  misfortune  to  the 
constructing  engineer  who  may  happen  to  believe  in  it,  and  to  the  consumer  of  steel 
in  general." 

Mr.  Wilkes  :  Referring  to  what  Dr.  Raymond  has  said  concern- 
ing breakage  under  the  tappet,  I  have  no  doubt  that  the  best  shapes 
for  cams  and  tappets  should  be  used,  so  that,  when  the  lift  begins, 
the  blow  may  be  as  light  as  possible,  and  the  friction  between  cam 
and  tappet  during  the  whole  lift  may  be  as  small  as  possible.  This 
shape  we  have  secured  in  our  practice  by  adopting  true  curves  at 
first,  and  modifying  them  as  observation  of  their  behavior  in  actual 
work  suggested.  While  we  were  using  iron,  we  succeeded  in  this 
way  in  reducing  vibration,  wear  and  tear  to  a  minimum.  Since  we 
have  adopted  steel  for  the  parts  referred  to,  a  great  further  reduc- 
tion in  wear  and  breakage  has  been  secured,  as  the  result,  in  my 
opinion,  of  the  retention  of  the  original  form  of  the  cams  and  tappets, 
and  consequently,  the  more  certain  keeping  of  the  stem  in  its  proper 
place  during  the  lift.  This  permits  a  fairer  blow,  and  more  effective 
work.  The  stamp-mill  is  often  regarded  as  a  rough  machine  that 
can  be  taken  care  of  by  anybody.  But  it  needs,  like  any  other  ma- 
chine, to  be  kept  in  order,  if  it  is  to  do  good  work.  Suitable  care 
bestowed  upon  it  will  effect  improved  results  as  important  as  those 
to  be  got  from  any  other  kind  of  machinery  used  about  a  mine.  A 
properly-constructed  and  properly-handled  stamp-mill  is,  by  reason 
of  its  simplicity  and  its  economy  in  metal  consumed  per  ton  crushed, 
still  the  favorite  appliance  for  reducing  ores  for  amalgamation  and 
concentration. 

Mr.  Olcott  (later  communication  to  the  Secretary) :  The  result 
of  a  little  study  on  the  subject  shows  the  weight  of  scientific  argu- 
ment to  be  against  the  crystallization  of  iron  from  shock  or  vibra- 
tion at  ordinary  temperature.  I  have  read  the  two  able  articles  on 
the  subject  by  Mr.  Kreuzpointner,  to  which  Dr.  Raymond  has  called 
attention.  The  salient  points  of  these  papers,  as  affecting  the  stamp- 
stem  discussion,  seem  to  be  : 

1.  That  the  crystalline  appearance  on  the  fracture  is  caused  by  the 
manner  of  breaking.  That  is,  where  fibers  are  broken  transversely 
they  show  granular  or  crystalline  faces,  but  where  pulled  apart  Ion- 
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gitudinally,  the  same  iron  shows  a  fibrous  structure.  In  other  words 
the  stamp-stem  may  have  been  weakened  and  finally  broken  off  by 
successive  shocks,  aud  short  kinks  or  bends,  operating  transversely, 
as  the  result  of  striking  uneven  surfaces  in  the  mortar,  etc. 

2.  The  iron  in  a  bar  may  be  crystalline  at  one  point,  but  fibrous 
at  another. 

3.  Iron  may  have  been  crystalline  at  the  point  tested,  but  as- 
sumed a  fibrous  appearance  at  the  tensile  fracture,  due  to  the  flow  of 
metals. 

4.  Mr.  Kreuzpointner  not  only  gives  his  own  opinions,  but  quotes 
eminent  German  authorities  in  support  of  the  idea  that  changes  in 
the  component  elements  of  iron  are  necessary  for  changes  in  its  crys- 
tallization, and  that  these  changes  cannot  occur  at  low  temperatures. 

5.  The  results  of  Dr.  Wedding's  researches  are  given  to  show, 
also,  that  repeated  stresses  cannot  produce  crystallization. 

While,  therefore,  there  is  a  strong  weight  of  argument  against  the 
crystallization  of  iron  in  service,  Wohler  and  Spangenberg  agree 
that  alternate  and  intermittent  stresses  tend  to  deteriorate  and 
fatigue  metals;   and  Mr.  Kreuzpointner  says: 

"If  we  consider  how,  with  insufficient  dimensions  and  impaired  cohesion,  sud- 
den shock  will  produce  sudden  fracture,  then  we  have  all  the  elements  necessarv  to 
produce  the  well-known  crystalline  appearance  of  the  fractured  surfaces. 

"  The  fractures  will  thus  appear  crystalline,  even  if  the  iron  were  ever  so  fibrous, 
because  of  the  suddenness  of  rupture  which  did  not  allow  the  metal  time  enough 
to  flow,  giving,  consequently,  a  clear  transverse  break  of  the  fibers,  which,  as  already 
explained,  are  nothing  but  elongated  crystals,  the  transverse  sections  of  which  are 
the  measure  of  their  sizes." 

Wohler  declares,  as  the  result  of  his  experiments,  that  "  the  mem- 
bers of  structures  which  are  subject  to  alternating  strains,  pulling 
and  pushing,  or  bending  and  twisting,  ought  to  be  made  larger  in 
the  proportion  of  9  to  5." 

Pieces  of  iron,  planed,  polished,  and  etched,  are  said  to  give  "  un- 
doubted evidence  of  the  crystalline  conditions  existing  before  the 
iron  was  ever  subjected  to  any  strain." 

The  foregoing  seems  to  establish  that,  though  there  may  be  the 
weakening  of  stamp-stems  by  repeated  shocks,  which  finally  may 
cause  them  to  break  suddenly,  thereby  showing  the  crystalline  faces 
of  the  iron  to  great  advantage,  there  has  been  no  enlargement  in 
service  of  such  crystalline  faces  in  the  iron. 

H.  M.  Howe,  Boston,  Mass.  (communication  to  the  Secretary) : 
Will  Dr.  Raymond  let  me  modify  the  statement,  which  he  gives, 
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Trans.,  xxiii.,  560,  of  my  position  in  regard  to  the  crystallization 
theorv  of  rupture  under  repeated  stress  and  vibration  ?  My  argu- 
ment on  page  196,  et  seq.,  of  my  Metallurgy  of  Steel,  was  that, 
though  it  was  quite  conceivable  on  a  priori  grounds  that  vibration 
might  make  iron  crystallize,  yet  there  was  no  evidence  that  it  ever 
does.  My  summing  up  was  that  we  have  "every  reason  to  believe 
that  the  granulation  and  crystallization  of  iron  under  vibration  and 
shock  is  a  myth." 

We  seem  to  be  at  cross-purposes  with  Mr.  Argall.  He  seems  to 
think  that  people  have  denied  that  iron  under  certain  sets  of  con- 
ditions, some  of  which  include  shock  and  vibration,  breaks  with  a 
crystalline  fracture:  whereas,  so  far  as  I  know,  nobody  has  ever  de- 
nied this.  It  is  not  the  occurrence  of  a  crystalline  fracture  but  its 
explanation  that  is  in  dispute.  I  suppose  that  he  must  have  fallen 
into  this  confusion;  for  I  see  no  other  way  of  accounting  for  his  set- 
ting forth  the  undisputed  crystalline  fracture  of  stamp-steins  in  such 
a  way  as  to  imply  that  it  answers  the  question  at  issue. 

Let  me  try  to  sum  up  briefly  the  condition  of  our  knowledge. 
Repetitions  of  stress,  wholly  unaccompanied  by  vibration  and  shock, 
are  well  known  to  induce  some  kind  of  deterioration  which  eventu- 
ally breaks  iron.  Vibration  and  shock,  unaccompanied  by  great 
stress,  or  at  least  by  prolonged  repetition  of  considerable  stress, 
have  never,  so  far  as  I  know,  been  known  to  break  it.  This  points 
to  repetition  of  stress,  and  not  to  the  vibration  and  shock  which 
only  in  certain  cases  accompany  or  cause  it,  as  the  real  cause  of 
such  breakage. 

Examination  of  the  fragments  of  pieces  thus  broken  by  repeated 
stress,  even  when  accompanied  by  vibration  and  shock,  has  indicated 
that  the  injury  was  local  ;*  and  careful  microscopic  examination  of  the 
fragments  close  to  the  fracture  has  detected  no  crystalline  change, 
but  at  most  a  shattering  and  incipient  separation  of  the  pre-existing 
particles,  grains  or  crystals,  whichever  you  call  them.f  All  the  evi- 
dence has  been  thus  against  the  theory  that  vibration  caused  even  a 
local  crystallization. 

The  crystallization-theory  thus  was  a  discredited  one.  Fresh  evi- 
dence might  indeed  rehabilitate  it.     But  I  fail  to  see  that  Mr.  Argall 


*  Baker,  Tram.  Am.  Soc.  Mech.  Eng.,  viii.,  p.  163,  1887.  Howe,  The  Metallurgy  of 
Steel,  p.  199,  Column  1.     Sorby,  Joum.  Iron  and  Steel  Inst.,  1887,  i.,  ]>.  265. 

f  Martens,  Stafil  unci  Eisen,  vii.,  j>.  23S,  1887.  Sorby,  Joum.  Iron  and  Steel  Inst, 
1887,  i.,  p.  265. 
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has  given  us  the  faintest  ray  of  evidence  or  of  reasoning  in  favor  of 
that  theory. 

We  know  that  iron,  if  nicked  on  one  side  and  bent  backwards, 
yields  a  fibrous  fracture,  but  that  the  same  bar,  if  nicked  all  around 
and  broken  with  a  sharp  blow,  yields  a  crystalline  one.  The  two 
different  modes  of  causing  rupture  induce  it  to  follow  different 
paths,  and  yield  different  fractures;  for  the  fracture  is  nothing  more 
than  the  path  of  rupture.  In  this  case  nobody  supposed  that  nick- 
ing all  around  and  breaking  with  a  single  sharp  blow  has  crystal- 
lized the  iron;  it  has  simply  developed  a  new  path  for  rupture. 
Thus  a  crystalline  fracture  is  shown  to  be  no  proof,  but  at  most  only 
a  suggestion,  of  crystallization.  The  planes  along  which  the  rupture 
of  the  nicked  bar  travelled  existed  before  rupture  followed  them, 
just  as  the  cleavages  in  a  feldspar  crystal  exist  before  I  cleave  the 
crystal  with  my  knife,  and  as  the  image  exists  in  the  exposed  but 
undeveloped  photographic  plate. 

Mr.  Argall  vainly  attempts  to  escape  from  the  fact  that  "iron 
when  fractured  suddenly  presents  invariably  a  crystalline  appearance: 
when  fractured  slowly  its  appearance  is  invariably  fibrous,"  by  his 
unqualified  assertion  that  "  In  the  first  case  the  fibers  are  not  given 
time  to  stretch,  but  are  broken  off  at  right  angles  to  their  longer 
axis,  whence  the  apparent  fine  crystallization  ;  while,  in  the  latter 
case,  actual  crystals  are  developed  in  the  iron,  some  reaching  as  much 
as  0.25  inches  in  diameter." 

Let  us  see  how  true  this  theory  is.  First,  so  far  as  our  present 
evidence  goes,  there  probably  are  no  fibers  in  iron  such  as  Mr.  Argall 
supposes,  prior  to  rupture.  Its  particles  apparently  are  nearly  equi- 
axed. 

Next,  when  a  crystalline  fracture  forms  in  suddenly  breaking  iron, 
its  faces  are  not,  as  Mr.  Argall  asserts,  at  right  angles  to  the  im- 
aginary fibers,  or  to  the  axes  of  the  fibers  which  would  actually  have 
formed  during  fiber-favoring  rupture.  They  are  in  general  approxi- 
mately at  an  angle  of  45°  with  those  axes. 

Finally,  it  is  not  the  suddenness  of  breakage,  as  such,  that  gives 
us  a  crystalline  instead  of  a  fibrous  fracture;  for  in  certain  extremely 
rapid  breakages,  as  for  instance  when  a  bar  is  torn  apart  longitudi- 
nally by  an  explosion  of  gun-cotton,  we  get  invariably  a  silky 
fibrous  fracture.* 

The  simple  truth  is,  that  each  new  mode  of  causing  rupture  seems 

*  Maitland,  "The  Treatment  of  Gun-Steel,"  Proc.  Inst.  Civ.  Eng.,  lxxxix.,  pp. 
120,  121,  1887. 
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to  direct  it  along  a  .special  peculiar  path,  and  causes  a  special  frac- 
ture. The  fracture  thus  depends  jointly  on  the  properties  of  the  ma- 
terial broken,  and  the  conditions  under  which  breakage  occurs. 
Why  rupture  follows  this  or  that  special  path  under  special  condi- 
tions, is  for  the  elastician  and  mathematician  to  determine  with 
great  care.  Even  for  them  the  question  is  no  easy  one ;  and  it  cer- 
tainly cannot  be  brushed  aside  off-hand  or  answered  at  random  by 
those  who  run. 

With  these  facts  before  us,  shall  we  wonder  if  the  special  set  of 
conditions  under  which  breakage  occurs  in  stamp-stems  directs  rup- 
ture along  still  a  new  special  path,  and  thus  yields  a  special  kind  of 
fracture  ?  Is  this  special  kind  of  fracture  really  any  stronger 
evidence  of  crystallization  than  the  other  kind  of  crystalline 
fracture  which  we  had  long  known  that  we  could  cause  by  nicking 
all  round  ? 

The  defenders  of  any  discarded  theory,  of  this  one  as  of  the  cor- 
puscular theory  of  light,  need  not  trouble  themselves  to  show  that 
their  theory  is  conceivable  ;  that  it  does  not  violate  "  any  law  of 
modern  physics  or  of  the  molecular  theory  of  matter."  What  we 
need  is  evidence  which  this  theory  explains,  and  which  other 
theories  cannot  explain.  We  have  no  room  for  theories  which  are 
simply  conceivable  or  even  possible.  We  want  those  which  are 
probable  through  evidence.  But  evidence,  like  the  fracture  of 
stamp-stems,  which  accords  equally  well  with  either  theory,  really 
helps  the  accredited  theory  but  does  not  help  the  discredited  one. 

If  Mr.  Argall  or  Mr.  Wilkes  will  send  me  a  piece  of  a  broken 
stamp-stem  containing  the  fracture,  I  will  gladly  try  to  procure  some 
evidence  which  will  count,  whether  it  be  for  or  against  the  crystalli- 
zation-theory. 

It  seems  to  me  that  the  chief  teaching  of  this  discussion  is  care 
in  the  use  of  words.  Had  Mr.  Argall  contented  himself  with  say- 
ing (Trans.,  xxiii.,  p.  557)  not  "vibration  under  all  conditions  will 
crystallize  iron,"  an  assertion  certainly  wholly  unjustified  and  prob- 
ably very  far  from  the  truth,  but  "severe  shock  will  eventually 
weaken  or  destroy  iron,"  he  would  have  asserted  all  that  was  neces- 
sary for  his  purpose.  By  going  beyond  this,  and  needlessly  assert- 
ing that  all  vibrations  injure  iron,  and  by  specifying  that  the  partic- 
ular way  in  which  they  injure  it  is  by  causing  a  crystalline  change 
within  it,  he  gave  criticism  a  most  pressing  invitation. 

His  calling  those  whose  opinions  he  attacks  "dogmatic  theorists" 
seems  unfortunate.     If  by  theorists  he  means  those  who  habitually 
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study  the  causes  of  phenomena,  or  "theories,"  he  simply  says  that 
their  habits  should  qualify  them  to  form  trustworthy  opinions  as  to 
the  cause  of  this  phenomenon.  If  he  means  that  they  are  ignorant 
of  the  conditions  under  which  metals  fail  in  practice,  he  is  simply 
mistaken.  And  as  to  dogmatism,  those  whom  he  attacks  have  not 
denied,  but  questioned  and  doubted  crystallization  by  vibration;  while 
he  positively  asserted  at  first  that  vibration  under  all  conditions  will 
crystallize  iron  ;  and  his  later  modification  merely  limits  the  propo- 
sition to  certain  conditions,  without  changing  its  character  as  a 
positive  assertion.  It  is  bad  enough  for  the  skeptic  to  be  excom- 
municated, but  to  be  called  dogmatic  to  boot,  and  by  the  Pope  at 
that,  would  be  rather  bewildering. 

Dr.  Raymond:  Since  the  foregoing  discussion  took  place,  I  have 
received  from  Mr.  Argall,  in  a  private  letter,  the  following  state- 
ment, which  seems  to  me  worthy  of  preservation  in  the  record  as  a 
pertinent  observation.  He  writes  that  on  the  24th  of  February  last,  he 


Fracture  of  Railwav-Axle. 


was  delayed  for  some  time  near  Hill  City,  South  Dakota,  by  reason 
of  the  fracture  of  an  axle  under  the  tender  of  Burlington  engine 
No.  256  :  "  The  axle  broke  off  close  to  the  wheel;  an  old  and  rusty 
crack,  varying  in  depth  from  three-quarters  to  one  inch,  ran  com- 
pletely round  the  journal;  next  came  coarsely  crystalline  iron,  while 
in  the  center  the  iron  was  beautifully  fibrous,  and  showed  the  bars 
from  which  the  axle  had  been  forged.  These,  by  the  way,  as  indi- 
cated by  heavy  lines  in  the  drawing,  were  not  properly  welded." 

The  accompanying  figure,  made  from  a  pencil-sketch  in  Mr.  Ar- 
gall's  letter,  illustrates  his  statement.     I  will  only  observe,  as  to  the 
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conclusions  to  be  drawn  from  this  case,  that  the  facts  seem  to  me 
consistent  with  the  theory  of  progressive  fracture,  and  with  the  well- 
known  relation  between  the  nature  of  the  stress  causing  fracture  and 
the  appearance  of  the  fracture-surface. 

The  indications  of  imperfect  welding  observed  by  Mr.  Argall  may 
fairly  be  taken  as  evidence  of  improper  heat-treatment  for  the  pro- 
cess of  forging;  and  this,  as  has  been  emphasized  in  the  present  dis- 
cussion, is  a  source  of  crystalline  structure  (or,  more  precisely,  of 
that  condition  which  yields  a  crystalline  or  granular  fracture  under 
circumstances  in  which  a  fibrous  fracture  would  otherwise  be  ex- 
pected). The  existence  of  the  old  crack  round  the  outside  seems  to 
indicate  that  this  part  of  the  mass  was  in  such  a  condition  as  to 
break  without  such  elongation  as  might  have  held  the  whole  axle 
together,  until  a  fibrous  fracture  of  the  whole  had  been  effected.  In 
other  words,  improper  heat-treatment  may  have  over-heated  the  out- 
side and  under-heated  the  center  of  the  forging,  so  that  the  former 
became  "crystalline,"  while  the  latter,  not  hot  enough  to  weld  per- 
fectly, retained  the  capacity  of  elongation  before  fracture,  which  is 
called  "fibrous  structure." 

On  this  hypothesis,  the  axle,  if  broken  at  anytime  after  manufac- 
ture, would  have  shown  on  the  surfaces  of  fracture  a  difference  of 
quality  between  the  outside  and  the  inside.  But  it  should  not  be 
forgotten  that  such  a  fracture  would  not  fairly  represent  the  process 
of  repeated  shock  and  stress  undergone  by  the  axle  in  practice. 
Even  if  the  material  were  uniform  throughout,  the  peculiar  nature 
of  the  stresses  to  which  it  was  subjected  might  well  develop  differences 
in  the  successive  fractures  of  different  concentric  parts.  Recent  ex- 
periments have  proved  the  somewhat  surprising  fact  that  locomotive 
wheels  advance,  not  in  constant  contact  with  the  rails,  but  by  a  series 
of  jumps.  If  I  remember  correctly,  these  experiments  were  con- 
fined to  driving-wheels;  but  it  seems  to  me  that  the  same  proposition 
must  be  true  in  some  degree  of  all  railway-wheels,  especially  those 
which  are  nearest  to  the  drivers,  and  thus  receive  most  directly  the 
effect  of  the  successive  jumps  of  the  latter.  We  have  to  consider, 
in  that  case,  the  effect  of  transverse  blows,  repeated  at  the  rate  of 
1000  to  2000  times  per  minute.  Considering  this  rate  of  rapidity, 
and  the  weight  supported  by  a  railway-wheel,  I  think  I  am  justified 
in  saying  that  the  test  is  more  severe  than  that  to  which  stamp-mill 
practice  subjects  the  stem  of  a  stamp.  But  the  effect  of  this  series 
of  blows  is  doubtless  somewhat  different.  Each  shock  exerts  a  ten- 
sile strain  upon  the  lower,  and  a  corresponding  strain  of  compression 
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upon  the  upper,  half  of  the  axle.  It  is  obvious  that,  by  virtue  of 
the  revolution  of  the  axle,  every  part  of  the  circumference  experi- 
ences these  strains  in  rapid  alternation,  and  that  every  part  of  the 
interior  experiences  them  in  degree  dependent  upon  distance  from 
the  neutral  axis.  On  the  assumption  of  the  complete  homogeneity 
of  the  axle  as  to  structure,  condition  and  internal  strains  due  to 
heat-treatment,  it  would  still  be  natural  to  expect  that  the  outer 
portions  (under  stresses  not  sufficient  to  rupture  the  whole  mass  prac- 
tically at  once)  would  break  not  only  first,  but  with  the  smallest 
amount  of  elongation,  and  that  the  central  portion,  breaking  last, 
would  show  the  greatest  elongation  before  fracture,  because  it  would 
have  been  exposed  to  gradually  increasing  stresses,  as  the  progressive 
fracture  of  the  outer  concentric  portions  increased  the  intensity  of 
stress  upon  those  remaining.  Another  point  deserves  consideration, 
namely,  that  up  to  a  certain  stage  in  such  progressive  fracture,  both 
bending  and  elongation  of  the  outer  layer  are  resisted  by  the  rest  of 
the  mass,  a  condition  which  diminishes  with  the  decreasing  diameter 
of  the  unbroken  central  portion. 

If  it  be  supposed  that  the  axle,  by  reason  of  its  heat-treatment  in 
manufacture,  or  for  any  other  reason  (such  as  different  quality  of  its 
original  parts),  was  not  homogeneous  in  the  respects  mentioned 
above,  the  differences  in  its  fractured  surfaces  might  be  increased. 
The  instance  cited  by  Mr.  Argall,  therefore,  while  it  may  be  con- 
sistent with  the  notion  that  the  railway-axle  in  question  was  once 
wholly  fibrous,  as  at  C,  and  had  become,  in  use,  crystalline  at  B, 
before  its  fracture,  does  not  require  or  prove  that  theory. 

R.  A.  Hadfield,  Sheffield,  England  (communication  to  the 
Secretary) :  I  have  long  entertained  the  idea  that  many  of  the  so- 
called  fractures  by  vibration  were  really  due  to  previous,  and  often 
careless,  heat- treatment.  I  can  say,  after  personally  handling  a  very 
large  number  of  specimens,  that  I  have  never  yet  found  a  case  which 
could  not  be  satisfactorily  explained  when  the  previous  heat-treat- 
ment could  be  traced. 

F.  Osmond,  Paris.  France  (translation  of  a  communication  to  the 
Secretary) :  Having  read  the  discussion  of  this  subject  as  printed 
thus  far,*  I  take  occasion  to  say  that  I  am  fully  in  accord  with  Dr. 
Raymond's  view.  I  know  of  no  fact  which  demonstrates  the  crys- 
tallization of  iron  by  vibration;  and  all  that  I  do  know  is  opposed 
to  that  opinion.  The  aspect  of  the  fracture  depends  upon  the  origi- 
nal quality  of  the  iron  and  the  mode  of  rupture. 

*  Up  to  page  824.— R.  W.  R. 
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As  to  the  formation  of  beta-iron  by  shocks  and  vibrations,  that  is 
another  question.  As  Dr.  Raymond  has  correctly  pointed  out,  it  is 
only  in  the  case  of  permanent  deformations  that  the  production  of 
beta-iron  can  be  seriously  argued.  It  appears  to  be,  however,  nut 
impossible  that  the  elastic  limit  may  be  exceeded  without  apparent 
deformations  under  the  action  of  vibratory  forces  which  operate  at 
each  point  for  an  extremely  short  time  only.  But  this  is  a  mere 
hypothesis.  If  it  is  well-founded,  it  could  be  verified  by  determin- 
ing the  coercive  forces  of  the  iron  before  service  and  after  rupture. 
The  production  of  beta-iron  would  be  indicated  by  an  increase  in 
permanent  magnetism.  The  truth  is,  we  know  at  present  almost 
nothing  as  to  the  transmission  of  mechanical  waves. 


EXPEBIMENTS  FOB  DETERMINING  THE  REFRAC- 
TORINESS OF  FIRE-CLAYS. 

Discussion  of  the  Paper  of  Messrs.  Hofrnan  and  Demond.     (See  p.  42.) 
(Virginia  Beach  Meeting,  February,  1894.) 

Prof.  Dr.  H.  Seuer  and  Mr.  E.  Cramer,  Chemisches  Labora- 
torium  fur  Thonindustrie,  Berlin,  Prussia  (communication  to  the 
President)*:  We  have  learned,  with  much  interest,  from  the  pam- 
phlet sent  to  us,  of  the  work  of  Messrs.  Hofman  and  Demond,  par- 
ticularly as  we  observe  from  their  experiments  that  these  gentlemen 
recognize  the  usefulness  of  the  Seger  cones,  and  that  this  method  of 
determining  temperatures  in  the  furnaces  of  the  ceramic  industry 
and  in  the  tests  of  refractory  clays  is  valued,  not  only  in  all  parts 
of  Germany,  but  also  in  other  countries.  Permit  us  to  say,  with 
reference  to  the  crucibles  employed  in  tests  for  refractoriness,  that 
we  have  used  of  late,  besides  the  magnesia  crucibles,  also  those 
made  of  Zettlitz  kaolin,  with  the  addition  of  alumina,  previously 
calcined,  with  regard  to  which  we  beg  to  refer  to  our  article  in  the 
Thonindustrie- Zeitung  of  December  9,  1893.f 


*  Translated  by  the  Secretary. 

f  Secretary's  Note. — The  following  is  a  translation  of  an  extract  from  the 
article  referred  to : 

"As  the  material  of  the  crucibles  for  these  experiments,  a  highly  burned  chamolle 
is  used,  consisting  of  equal  parts  of  alumina  and  Zettlitz  kaolin,  with  a  certain  ad- 
ditional amount  of  the  latter,  added  raw,  to  make  the  mass  mould  properly.  For 
crucible-stands  we  use,  on  economical  grounds,  a  refractory  chamotte,  which  does 
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So  far  as  the  testing  of  clays  alone  is  concerned,  these  crucibles 
are  to  be  preferred  to  those  of  magnesia,  on  account  of  their  nearer 
approach  to  clay  in  composition.  We  prepare  them  by  mixing 
equal  weights  of  well-mixed  Zettlitz  kaolin  and  finely-ground  cal- 
cined alumina,  and  calcining  the  compound  in  the  hottest  feldspar- 
porcelain  fire  of  the  Royal  Berlin  porcelain  works,  at  the  melting- 
point  of  Seger  cone  No.  30.  The- burnt  mass  is  then  crushed  to 
pin-head  size,  an  equal  amount  of  crude  Zettlitz  kaolin  is  added, 
and  the  crucibles  are  moulded. 

The  arrangement  of  the  furnace  and  the  conduct  of  the  experi- 
ments described  in  this  paper  have  interested  us  greatly,  and  we 
shall  not  fail  to  call  attention  to  them  in  the  Thonindustrie-Zeitung. 

Prof.  Hofman:  It  is  almost  a  year  since  the  experiments  de- 
scribed in  our  paper  were  made.  During  that  time  I  have  followed 
them  up  with  an  extended  course  of  tests  on  the  principal  fire-clays 
of  the  United  States,  using  both  the  indirect  silica-lime  method  and 
the  direct  Seger  method,  with  the  kaolin-alumina  crucibles  referred 
to  above.  I  am  now  trying  to  work  out  an  indirect  method  for 
determining  the  fusibility  of  low-grade  clays  with  the  aid  of  Prof. 
Seger's  apparatus  for  high-grade  clays.  The  experiments  have  so 
far  given  very  satisfactory  results,  and,  when  completed,  the  inten- 
tion is  to  present  them  in  a  paper  before  the  February  meeting  of 
the  Institute  in  1895. 
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Discussion  of  the  Paper  of  Mr.  Johnson.     (See  p.  34.) 
(Virginia  Beach  Meeting,  February,  1894.) 

John  S.  Kennedy,  Chambersburg,  Pa.  (communication  to  the 
Secretary):  The  washing-plant  described  by  Mr.  Johnson  is  a  good 
illustration  of  the  advantages  derived  from  a  well-designed  and  care- 
not  melt  below  the  fusing-point  of  the  Seger  cone  No.  35.  We  have  abandoned 
the  use  of  the  crucibles  formerly  described  by  us,  and  consisting  of  magnesite  and 
chroinite,  lined  with  alumina,  because,  notwithstanding  the  protecting  layer  of 
alumina,  the  experimental  cones  always  showed,  at  high  temperatures,  coatings  due 
to  the  material  of  the  crucibles.  The  tests  were  mostly  enameled  or  colored  red 
with  chromic  oxide.  The  crucibles  of  material  containing  alumina  which  we  now 
employ  have  shown,  thus  far,  no  influence  upon  the  substances  tested.  They  are 
so  refractory  that  the  Seger  cone  No.  36  (Rakonitz  clay-slate)  can  be  entirely 
melted  down  without  the  crucibles  showing  any  sign  of  fusing." 

The  authors  announce  that  they  will  furnish  such  crucibles,  and  the  Deville  fur- 
naces used  in  the  experiments,  at  cost. — R.  W.  R. 
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fully  built  ore-Masher.  In  some  instances  that  have  come  under  my 
observation,  companies  have  spared  no  expense  to  secure  a  modern 
furnace-pl&nt,  but  the  ore-washers  were  badly  located,  inadequate  to 
the  requirements  of  the  furnace  and  crudely  designed.  Mr.  Johnson 
calls  attention  to  the  failure  of  the  cone-washer.  This  form  of 
washer  has  the  advantages  of  being  easily  moved  and  set  up,  and 
operated  by  small  power.  When  an  ore  is  composed  largely  of 
lump,  or  where  the  gangue  is  of  a  sandy  nature,  or  as  an  adjunct  to 
a  washing-plant  to  give  the  ore  a  final  rinsing,  this  form  of  washer 
is  of  value.  But  the  single- or  double-cylinder  washer  is  the  only 
one  that  has  stood  the  test  of  time  and  practical  experience.  Where 
the  ore  is  associated  with  clay,  and  where,  as  in  many  instances,  the 
clay  is  of  a  greasy,  tenacious  character,  locally  known  as  "buck-fat," 
the  cone-washer  tends  to  "  ball  "  the  clay  and  carry  it  out  with  the 
ore.  The  cutting-action  of  the  cylinder-blades  and  the  friction  ot 
the  pieces  of  ore,  are  necessary  for  clean  washing. 

Mr.  Johnson's  paper  will  re-open  among  mining  men  the  old  dis- 
cussion as  to  the  relative  merits  of  the  single-  and  the  double-cylin- 
der washer;  and  if  this  question  can  be  settled,  a  vexatious  contro- 
versy will  be  ended.  In  the  single-cylinder  washer,  the  ore  is 
passed  once  under  the  cylinder  and  then  propelled  by  the  blades, 
while  in  the  double-cylinder  type,  it  is  carried  forward  between  the 
two  cylinders. 

There  is  an  elasticity  in  the  washer  constructed  with  wooden  box 
and  cylinder,  which  is  wanting  in  those  made  of  cast-iron.  When 
the  ore  is  not  crushed  and  sized,  broken  blades  frequently  result  from 
too  rigid  construction. 

The  character  of  the  ore  regulates  such  questions  as  speed,  eleva- 
tion and  water-supply.  In  general,  a  double  log- washer  should  run 
at  from  18  to  24  revolutions  per  minute,  should  have  from  three- 
quarters  to  one  inch  of  elevation  to  every  foot  of  length,  and  should 
be  supplied  with  at  least  150  gallons  of  water  per  minute. 

As  an  instance  showing  that  it  is  not  every  one  who  can  build  an 
ore-washer,  I  may  cite  a  plant  that  I  once  saw,  which  was  put  up 
by  a  would-be  engineer.  The  washer  was  unprovided  with  mud- 
ports,  had  only  8  inches  elevation,  and  was  geared  to  run  45  revolu- 
tions at  the  minimum  engine-speed.  It  is  needless  to  say  that  these 
conditions  had  to  be  changed  before  that  plant  became  a  success. 

Mr.  Johnson  describes  screen-plates  in  the  waste-troughs,  to  retain 
any  ore  that  may  pass  out  through  the  mud-ports.  Where  the  ore 
is  mined  from  open-cut  workings,  roots  and  leaves  are  often  carried 
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into  the  washers,  clogging  the  mud-ports  and  screens.  In  such 
cases  I  use  a  vertical  box  or  pocket,  fastened  to  the  side  of  the  ore- 
washer  and  enclosing  the  mud-port.  This  box  is  about  2  feet  long 
vertically,  and  15  by  10  inches  in  section.  The  waste-trough, 
which  is  8  by  8  inches  in  section,  is  taken  out  of  this  box  about  4 
inches  from  the  bottom,  thus  forming  a  pocket  which  will  retain  any 
pieces  of  ore  passing  through  the  port.  On  the  outside  of  this  box, 
and  above  its  water-level,  is  cut  a  door  about  10  inches  square, 
which  is  conveniently  made  of  a  piece  of  board,  covered  with  ^-inch 
sheet-gum,  which  acts  as  a  hinge.  Through  this  opening  a  bar  can 
be  introduced  to  loosen  any  obstruction  in  the  mud-port,  and  any  ore 
which  is  found  in  the  pocket  can  be  removed. 

The  universal  joint,  which  allows  freedom  in  elevation,  is  an  im- 
provement over  the  bevel-pinion  in  common  use.  The  revolving 
screens  I  have  found  to  be  expensive  in  first  cost  and  also  in  main- 
tenance. It  will  be  found  cheaper  to  use  a  screen  made  from  a  flat 
perforated  steel  sheet,  inclined  at  a  small  angle  from  the  horizontal. 
It  can  be  framed  by  any  carpenter  and  quickly  replaced  when  worn. 
It  should  be  swung  from  two  eye-bolts  in  the  washer-heading  and 
given  a  bumping-motion  by  a  rod  connecting  it  to  a  stud  in  one  of 
the  cylinder-journals. 

The  process  of  washing  should  include  crushing  and  jigging. 
All  lump-ore  too  large  to  pass  through  the  hopper-grating  should 
be  crushed.  A  cleaner  and  more  uniform  product  is  obtained  by 
crushing  and  washing  the  lump-ore,  than  by  handling  it  separately. 
The  sizing  and  jigging  of  the  washed  ore  is  necessary  in  many  cases. 
It  has  occurred  to  me,  that  the  fines  could  be  concentrated  in  a  ver- 
tical washer,  similar  to  the  Robinson  coal-washer.  The  lighter  par- 
ticles of  quartz  and  slate  would  be  carried  over  what  is  now  the  coal- 
discharge,  while  the  heavier  pieces  of  ore  would  be  saved  in  what  is 
now  the  waste-pocket. 

The  amount  of  hygroscopic  moisture  after  washing  varies  from  10 
to  15  per  cent.,  in  addition  to  the  combined  water.  This  is  a  serious 
item  where  freight  is  taken  into  consideration.  Moreover,  the  fur- 
nace-man is  embarrassed  by  changes  in  the  burden,  caused  by  the 
continually  varying  amount. of  water  in  the  washed  ore.  A  dry  ore 
would  permit  greater  accuracy  in  burdening,  and  give  increased 
economy  in  the  furnace.  When  the  furnaces  are  located  near  the 
mines,  the  washers  are  placed,  in  some  instances, in  the  stock-house; 
and  calcination  should  be  cheaply  effected  in  kilns  by  utilizing  a 
portion  of  the  furnace-gases.  Care  must  be  taken  to  avoid  too  high 
vol.  xxiv. — 54 
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a  temperature,  or  the  ore  might  be  "louped."  I  would  suggest,  as 
a  simple  method  of  drying,  that  the  ore  be  passed  through  a  cast- 
iron  trough  by  means  of  a  spiral  conveyor,  the  trough  to  be  heated 
from  below  to  a  temperature  sufficient  to  expel  all  the  hygroscopic 
moisture,  and  probably  some  of  the  combined  water.  A  cheap  fuel, 
such  as  coke-braize,  mixed  with  a  small  proportion  of  bituminous 
"slack,"  could  be  used  in  a  step-grate,  the  combustion  being  assisted 
by  means  of  forced  draft  from  a  steam-air  jet. 

Mr.  Johnson  :  I  have  read  with  much  interest  the  remarks  of 
Mr.  Kennedy,  and  while  agreeing  with  him  in  the  main,  am  com- 
pelled to  dissent  on  one  or  two  points. 

Mr.  Kennedy  objects  to  the  revolving  screens  and  advocates  the 
use  of  a  single  inclined  perforated  plate,  with  a  bumping  motion. 
This  arrangement  is  not  nearly  so  good,  in  my  judgment,  as  the  re- 
volving screen,  because  it  does  not  wash  the  ore  so  thoroughly.  In 
speaking  of  cone- washers,  Mr.  Kennedy  says  :  they  are  useful  to 
give  a  final  rinsing  to  the  ore,  after  it  has  been  passed  through  a 
log- washer.     That  is  exactly  what  the  revolving  screen  does. 

In  passing  through  these  screens,  the  ore  is  turned  over  and  over 
in  a  thin  sheet,  constantly  exposed  to  a  strong  jet  of  water ;  but  in 
the  case  of  a  perforated  sheet  with  a  bumping  motion,  there  is  much 
more  sliding  than  rolling,  and  nothing  like  so  thorough  an  exposure 
to  the  cleansing  action  of  the  water. 

Nor  is  the  first  cost  of  revolving  screens  very  great.  Any  black- 
smith can  put  together  a  properly  designed  screen  in  a  comparatively 
short  time;  and  we  find  that  they  last  exceedingly  well,  the  average 
duration  of  service  with  us  being  one  year,  during  which  time  some 
15,000  tons  of  ore  passes  over  each  screen. 

Mr.  Kennedy's  arrangement  of  screens  for  saving  the  ore  carried 
out  at  the  tail-end  of  the  washer,  does  not  seem  to  me  as  good  as  the 
one  in  use  at  Longdale.  If  I  understand  his  plan  correctly,  each 
washer  must  have  the  box  and  screen  described  b}r  him,  the  situation 
of  which  must  necessarily  be  at  the  rear  end  of  the  cylinder,  and 
near  the  driving-machinery.  At  this  place,  in  our  plan,  one  screen 
serves  all  four  washers.  It  is  built  on  the  outside  of  the  washer- 
frame,  entirely  away  from  the  driving-machinery,  and  presents  a 
large  surface  for  screening  and  shovel ing-over.  It  may  be  remarked 
here,  that  a  large  amount  of  bark  and  chips  from  the  mine-timber, 
which  finds  its  way  into  the  ore  in  underground  workings,  is  subse- 
quently caught  on  this  screen. 
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Discussion  of  the  Paper  of  Mr.  Sheafer.     (See  p.  364.) 
(Virginia  Beach  Meeting,  February,  1894.) 

In  answer  to  inquiries  from  members,  Mr.  Sheafer  said  that  the 
culm-banks  of  which  his  paper  gave  the  shipments  were  of  about  the 
average  quality  of  the  banks  in  the  Mahanoy  region  of  the  Schuyl- 
kill field,  made  prior  to  1881  or  1882,  when  the  practice  of  prepar- 
ing buckwheat  coal  was  introduced;  but  that  in  a  very  old  bank, 
made  about  1849,  no  coal  above  pea-size  had  been  found.  Appar- 
ently it  was  then  the  practice  to  ship  everything. 

In  reply  to  an  inquiry  concerning  the  utilization  of  the  fine  coal- 
dust,  Mr.  Sheafer  said  that  it  was  not  utilized  in  connection  with  the 
washing  described  in  his  paper,  but  was  carried  away  in  the  water  as 
waste ;  that  during  Mr.  Corbin's  presidency  the  Reading  Company 
built  at  Mahanoy  City  an  extensive  plant  for  making  artificial  fuel, 
but  difficulty  was  encountered,  due  to  the  circumstance  that  the  small 
coal  from  different  collieries  varied  in  its  combustible  quality  and  also 
in  the  amount  of  pitch  required  to  be  mixed  with  it,  and  he  believed 
they  concluded  that  from  some  varieties  of  the  coal-dust  a  very  good 
fuel  could  be  made,  but  at  a  cost  entirely  too  great  for  successful 
competition  with  cheap  coal.  Of  course,  the  anthracite  dust  was  not 
so  well  suited  to  this  manufacture  as  bituminous  slack. 

R.  W.  Raymond,  New  York  City  :  I  believe  that  was  the  prac- 
tical outcome  of  the  enterprise  of  a  member  of  the  Institute,  Mr.  E. 
F.  Loiseau,  now  deceased.  It  was  found,  I  think,  as  an  additional 
drawback,  that  the  manufacture  of  artificial  compressed  fuel  from 
anthracite  dust  could  not  be  successfully  practiced  with  material  so 
impure  as  that  of  the  culm-banks.  Consequently,  the  manufacture 
could  be  based  on  that  source  of  supply  only  when  accompanied  with 
a  preparatory  washing.  The  most  favorable  location  for  it  would  be 
at  large  yards  where  the  waste  from  the  handling  of  coal,  which  is 
comparatively  pure  material,  could  be  thus  treated. 

I  believe  the  manufacture  of  compressed  fuel  from  bituminous 
coal  was  at  one  time  a  profitable  business  in  Nova  Scotia,  but  was 
destroyed  by  the  indirect  effect  of  the  general  introduction  of  water- 
gas  for  illuminating  purposes.      The  result  of  that  change  on  the 
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part  of  the  gas-works  was  to  make  coal-tar  so  scarce  and  dear  as  to 
preclude  its  use  in  the  manufacture  of  coal-dust  briquettes. 

We  have  heard  of  the  process  of  filling  old  colliery-workings  in 
the  anthracite  region  with  waste  from  the  banks,  which  is  carried  into 
them  by  means  of  water,  and  I  would  ask  Mr.  Sheafer  whether  this 
material  is  the  final  waste  from  the  washing  of  the  banks  which  he 
has  described. 

Mr.  Sheafer  :  It  is  not.  In  the  instances  known  to  me,  the 
material  thus  washed  into  £he  colliery-workings  has  been  the  whole 
of  the  culm-bank,  buckwheat-coal  and  all.  We  had  one  colliery, 
the  workings  of  which  are  under  the  town  of  Shenandoah,  that  gave 
us  continual  trouble  through  the  sinking  of  the  surface  and  conse- 
quent suits  for  damages.  The  officials  of  the  Reading  Company 
united  with  the  lessors  to  put  down,  with  an  ordinary  drill,  some  ten 
bore-holes,  8  inches  in  diameter,  and  300  or  400  feet  deep,  through 
which  culm  was  sluiced  into  the  mine.  The  vein  was  between  30  and 
50  feet  thick,  and  all  the  coal  had  been  removed,  except  the  pillars; 
some  of  tlie  cavities  were  70  feet  high.  We  found  that  we  could  fill 
the  space  with  culm  and  water,  and  then  pump  out  the  water,  when 
the  mass  would  become  quite  solid,  and  would  support  the  roof  so 
thoroughly  that  the  remaining  coal-pillars  could  be  safely  extracted. 
I  think  the  method  has  been  practiced  in  the  Wilkes-Barre  region 
also,  where  the  material  is  forced  down  through  pipes,  and  thus  made 
to  rise  again  for  a  certain  distance,  to  fill  the  old  workings.  Whether 
it  would  set  as  well  if  there  were  no  fragments  of  small  coal  in  it,  I  do 
not  know.  The  material  left  from  culm-washing  is  mostly  soft  mud 
and  slate,  and  might  behave  differently.  Upon  the  culm,  as  we  have 
used  it  for  this  purpose,  the  mine- water  seems  to  act  as  a  cement. 

J.  C.  Peatt,  Waterford,  N.  Y. :  With  regard  to  the  absence  of 
coal  from  the  old  banks,  to  which  Mr.  Sheafer  has  referred,  I  think 
the  explanation  is  that  the  breakers  (or  "  crackers,"  as  we  used  to 
call  them)  were  not  introduced  for  the  preparation  of  coal  until  some- 
where between  1850  and  1855.  I  remember  that  the  first  coal 
shipped  from  the  Lackawanna  basin  for  private  use  was  of  all  sizes 
together,  from  the  largest  lumps  down  to  perhaps  buckwheat.  There 
was  no  waste  coal. 

As  to  the  "  brick-fuel,"  I  remember  that  the  Delaware  and  Hud- 
son Company  undertook  to  make  it  at  Rondout  between  1875  and 
1885,  and  found  that  it  could  be  successfully  used  ;  but  the  introduc- 
tion of  the  Wootten  fire-box,*  about  1876,  rendered  it  possible  to 

*  Trans.,  v.  4. 
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burn  the  culm  without  making  bricks  of  it;  and  I  think  that  device 
had  as  much  as  anything  else  to  do  with  the  abandonment  of  the 
compressed  fuel. 

E.  E.  Russell,  Tratman,  New  York  City :  In  Europe  coal- 
briquettes  are  largely  used  for  locomotive-fuel,  more  especially  on  the 
continent,  and  are  made  from  bituminous  coal-dust  with  a  tar  or 
pitch  cementing- medium.  In  England,  the  Coal  Brick  Company 
controls  the  Lee  patents  for  the  manufacture  of  bricks  from  bitumi- 
nous or  anthracite  coal-dust,  coke,  slack,  etc.,  using  a  dry  powder 
(composition  apparently  secret)  to  mix  with  the  coal ;  the  mixture 
being  then  made  into  a  paste  by  the  action  of  steam,  and  pressed  into 
bricks.  These  bricks  have  been  reported  as  showing  excellent  results 
in  evaporative  capacity,  and  as  giving  off  but  little  smoke.  English 
coal-briquettes  are  used  to  some  extent  in  Mexico  for  locomotive- fuel. 
In  this  country,  the  Fuel  Patents  Company  has  been  introducing 
what  it  calls  "  eggette  "•  coal,  made  from  anthracite  or  bituminous 
coal,  or  lignite,  crushed  to  powder  and  mixed  with  a  hot  pitchy 
binding-material.  The  mass  is  then  passed  between  rolls  having 
pockets  or  indentations,  and  the  finished  product  is  in  the  shape  of 
lumps  about  the  size  of  hens'  eggs.  A  plant  with  one  set  of  rolls 
will  turn  out  about  ten  tons  an  hour.  It  is  not  generally  understood 
that  anthracite  is  utilized  in  this  process;  but  a  plant  in  operation  at 
Chicago  uses  a  mixture  of  anthracite  and  bituminous  coal.  At  Gay- 
ton,  near  Richmond,  Va.,  a  natural  coke  is  used;  at  Huntington, 
Ark.,  a  soft,  friable  bituminous  coal ;  and  at  Denver,  Colo.,  bitumi- 
nous waste.     These  four  "eggette"  plants  are  now  in  operation. 
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Discussion  of  the  Paper  of  Mr.  Leggett.     (See  p.  315.) 
(Virginia  Beach  Meeting,  February,  1S94.) 

Frederick  H.  Davis,  Electrical  Engineer  of  the  Westinghouse 
Electric  and  Manufacturing  Co.,  in  charge  of  the  plant  at  Bodie, 
Cal.  (communication  to  the  Secretary) :  I  beg  to  offer,  to  complete 
the  information  conveyed  in  Mr.  Leggett's  paper,  the  following  re- 
port of  tests  of  the  electrical  efficiency  of  the  power-transmission  he 
has  described  : 
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Test  on  Generator. 


Amperes. 

Volts. 

Watts. 

15.8 

60 

"               "      watts 

948. 

18.2 

"                     <l      electro-motive  force 

78 

"                     "      watts 

1419.6 

664.72 
3032.32 

Resistance  of  armature,  1.6618  olims. 

20. 

3414 

68280. 

Apparent  electrical  efficiency  of  generator  95.559  per  cent. 

Test  on  Motor. 


Amperes. 

Volts. 

Watts. 

52 

"              "      electro-motive  force 

62.4 

"              "      watts 

3244.8 

560.0 
3804.8 

Resistance  of  armature,  1.4  ohms. 

Total  loss  in  machine 

20 

"      electro-motive  force 

3110. 

62200. 

Apparent  electrical  efficiency  of  motor,  93.883  per  cent. 

It  will  be  readily  seen  that  the  foregoing  figures  deal  simply  with 
the  apparent  electrical  efficiency  of  these  two  machines. 

As  there  were  no  instruments  available  by  which  their  mechanical 
losses  could  be  determined,  or  by  which  the  relative  position  of  the 
current  and  electro-motive  force  phases  of  the  load  could  be  ascer- 
tained, these  two  conditions  could  only  be  judged  of  in  a  somewhat 
remote  way. 

As  the  generator  is  directly  and  rigidly  coupled  to  the  water- 
wheels,  and  has  but  two  bearings,  both  of  which  are  amply  large, 
and  run  without  heating  under  full  load,  it  is  fair  to  assume  that  the 
mechanical  loss  of  power  in  this  machine  is  very  small. 

The  motor  is  running  under  equally  favorable  conditions,  being 
connected  directly  to  its  work  by  a  clutch. 

The  condition  of  the  phase  of  the  line-current  was  judged  of  in 
the  following  manner: 
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The  apparent  horse-power  delivered  to  the  motor,  obtained  from 
readings  of  the  line-current  and  electro- motive  force  at  the  motor-sta- 
tion, almost  exactly  agrees  with  the  mechanical  horse-power  required 
to  drive  the  same  load  from  an  engine,  the  amount  of  work  done  being 
determined  from  indicator  cards  taken  from  the  cylinder  of  the  engine. 

This  close  agreement  between  the  work  done  by  the  engine  and 
that  apparently  done  by  the  motor  on  the  same  load,  indicates  that 
there  is  but  very  little  shift  or  lag  in  the  phase  of  the  current  de- 
livered to  the  motor,  and  therefore  the  apparent  efficiency  of  these 
machines  is,  for  all  practical  purposes,  the  true  electrical  efficiency. 

In  these  machines  the  mechanical  losses  must  be  very  small,  as 
there  are  no  "  belt  pulls"  to  increase  the  friction,  the  bearings  car- 
rying nothing  but  the  weight  of  the  armatures.  They  are  built  to 
work  at  a  full  load  of  120  kilowatts,  and  it  will  be  noticed  that  this 
test  was  made  at  a  load  of  but  little  more  than  one-half  their  rated 
capacity,  and  therefore  a  somewhat  higher  efficiency  can  be  expected 
at  full  load. 

Mr.  Leggett:  From  the  above  careful  tests  made  by  Mr.  Davis, 
it  will  be  seen  that  the  generator  and  motor  attain  a  higher  efficiency 
than  that  of  90  per  cent,  allowed  in  the  table,  showing  the  approxi- 
mate efficiency  of  the  transmission. 

Taking  the  generator  efficiency  at  95.5  per  cent.,  and  that  of  the 

motor  at   93.9   per  cent.,  as  determined,  the  final  efficiency  of  the 

transmission,  from  the  water-wheel  shaft  to  the  motor-pulley  driving 

the  mill,  results  as  follows  : 

Per  cent. 

In  test  No.  1,  with  20  amperes  of  current, 77.7 

"      No.  2,     "     21  "  " 78.1 

"     No.  3,     "23  "  " 79.0 

"     No.  4,     "25  "  " 79.2 


BAUXITE. 

Discussion  of  the  papers  of  Messrs.  Laur  and  Hayes.     (See  pp.  234,  243.) 
(Virginia  Beach  Meeting,  February,  1894.) 

A.  E.  Hunt,  Pittsburgh,  Pa  :  I  have  heard  these  papers  read  with 
a  great  deal  of  pleasure.  I  am  particularly  interested,  in  a  financial 
way,  in  the  bauxites  as  ores  of  aluminum,  and  it  is  safe  to  prophesy 
that  there  will  be  many  more  mining  engineers  in  the  future  who  will 
be  interested  in  these  ores  of  aluminum,  in  the  same  way  as  many  are 
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now  particularly  interested  in  the  ores  of  iron  ;  for  certainly  alumi- 
num is  commanding  continually  increasing  attention  as  to  its  uses  in 
the  arts,  and  consequently  as  to  its  ores  and  metallurgy. 

Mr.  Laur's  paper  is  specially  valuable,  because  he  is  one  of  the 
earliest  owners  and  miners  of  the  bauxites.  This  mineral  was  prac- 
tically  unknown  before  the  year  1870.  Mr.  Laur  has  done  much  in 
pushing  the  bauxites  of  the  Departments  of  Bouches  du  Rhone,  Var 
and  Alpes  Maritimes,  France,  in  the  same  way  as  Messrs.  George 
Blackwell  and  Alexander  Sutherland  have  pushed  the  Irish  bauxites 
upon  the  land  of  .the  Marquis  of  Downshire,  in  Strain,  near  Bally- 
clare,  County  Antrim,  in  Ireland. 

I  am  glad  that  Mr.  Laur  says  there  are  varieties  of  bauxite  in  this 
country  which  run  low  in  both  silica  and  iron.  His  theory  some 
Iwo  years  ago,  when  I  first  had  the  pleasure  of  meeting  him,  was,  if 
I  understood  him  correctly,  that  the  only  known  varieties  of  bauxite 
had  either  a  high  percentage  of  ferric  oxide  (some  15  to  18  per  cent.), 
and  were  red  in  color,  or  had  the  iron  replaced  largely  by  silica  in  the 
white,  yellow  and  gray-colored  minerals — that  is,  that  the  total  iron- 
oxide  and  silica  in  bauxite  was  always  at  least  18  per  cent.  I  note 
in  his  paper,  however,  the  statement  that  he  has  found  in  France 
(what  certainly  exists  in  vast  quantities  in  Georgia,  Alabama  and 
Arkansas,  in  this  country)  bauxite  running  very  low  in  both  silica 
and  oxide  of  iron.  There  are  hundreds  of  thousands  of  tons  of 
bauxite  in  these  three  Southern  states  containing  a  total  of  less 
than  5  per  cent,  of  silica  and  oxide  of  iron,  and  with  about  4.5  per 
cent,  of  titanic  acid.  These  ores  will  have  very  great  commercial 
importance,  not  only  in  the  manufacture  of  aluminum  but  also  in  the 
manufacture  of  alum  and  sulphate  of  alumina  and  as  a  basic  (or 
neutral)  refractory  material  in  the  form  of  bricks,  furnace-linings, 
etc. 

It  is  of  special  interest  to  note  that  these  bauxites  occur  in  the 
South  comparatively  near  the  localities  of  our  sugar  industries.  In 
Great  Britain  the  sulphate  of  alumina  produced  from  bauxite  is  used 
to  treat  the  sugar  wastes,  causing  the  separation  of  a  large  amount 
of  sugar  and  converting  the  sulphate  of  alumina  into  potash-alum. 
This  operation  has  been  carried  on  with  special  profit  abroad  in  the 
manufacture  of  beet-root  sugar.  The  alum  produced  sells  for  a  suf- 
ficiently higher  price,  as  compared  with  the  sulphate  of  alumina,  to 
secure  a  considerable  profit,  and  the  recovery  of  sugar  from  the  wastes 
is  also  of  considerable  amount. 

In  the  manufacture  of  alumina,  the  pure  anhydrous  oxide  of  alu- 
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minum,  from  bauxites,  the  silica  is  the  most  difficult  impurity  to  sep- 
arate and  leave  a  uniform  product  of  good  alumina.  The  red  baux- 
ite mentioned  by  Mr.  Laur,  coming  from  the  Department  of  Var, 
has,  I  understand,  proved  so  far  the  most  uniform  in  its  composition 
and  the  most  economical  for  the  manufacture  of  alumina,  in  France, 
where  the  silica  and  iron  separated  out  can  be  sold  to  gas-works  for 
"  scrubbers." 

Alumina  is  separated  from  bauxite  by  heating  with  soda-ash,  form- 
ing aluminate  of  soda,  which  is  separated  by  solution  in  hot  water 
from  the  insoluble  silica,  oxide  of  iron  and  titanic  acid.  If  the  ore 
treated  does  not  run  uniform  in  silica  and  alumina  and  there  is  an 
excess  of  soda-ash  added  over  the  exact  amount  required  to  form 
aluminate  of  soda,  or  if  the  material  be  heated  too  hot,  there  is  dan- 
ger of  the  formation  of  the  soluble  silicate  of  soda,  which  contami- 
nates the  alumina  in  its  after-precipitation  with  carbonic  acid.  But 
uniform  and  satisfactory  ores  for  the  manufacture  of  alumina  are  now 
shipped  from  Georgia  and  Alabama  in  large  quantities  to  the  chemi- 
cal manufacturers  of  the  North. 

The  importations  of  Irish  and  French  bauxite  during  the  four 
years  ending  with  1892  were  as  follows  : 

Pounds. 

1889, 28,945,647 

1890, 27503,730 

1891, 17,936,500 

1892, 12,804,253 

The  decrease  in  importations  was  met  and  supplied  by  three 
Southern  states,  Georgia  producing  and  giving  to  the  market,  in 
1892,  4,000,000  pounds,  while  Alabama  for  the  same  year  gave 
14,400,000  pounds,  a  total  of  18,400,000  pounds  supplied  by  two 
Southern  states. 

Another  important  use  of  the  purer  grade  of  bauxite  is  as  a  re- 
fractory material,  for  the  lining  of  basic  open-hearth  or  other  furnaces 
where  a  siliceous  brick  is  disadvantageous.  Until  the  discovery  of 
bauxite  with  only  a  small  percentage  of  silica  and  oxide  of  iron,  it 
was  impossible  to  use  the  mineral  to  make  a  good  refractory,  for  the 
high  silica  and  oxide  of  iron  combined  to  render  it  fusible  when  made 
into  a  brick;  but  many  of  the  bauxites  from  Georgia  and  Alabama 
are  well  adapted  to  be  used  both  in  the  linings  of  furnaces  and  in  the 
manufacture  of  refractory  brick.  I  exhibit  with  this  statement  a 
bauxite  brick.  It  contains  about  90.5  per  cent,  of  alumina,  about 
5  of  titanic  acid,  about  2  of  silica,  about  1  of  oxide  of  iron  and 
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1.5  to  2  of  lime.  The  lime  is  added  as  a  binding-material  in  the 
manufacture  of  the  brick. 

It  is  necessary,  in  the  manufacture  of  these  bricks,  to  have  the 
bauxite  very  highly  heated,  to  drive  out  all  the  water  of  hydration; 
and  it  is  the  present  practice,  after  the  bricks  are  made,  to  take  out  the 
shrinkage  that  there  is  in  them  by  burning  them  in  the  hottest  part 
of  the  brick-kiln.  Then  the  material  is  re-ground  and  re-made  into 
bauxite  bricks,  which  are  again  very  highly  burned.  The  bricks 
thus  made  show  very  little  further  shrinkage. 

As  to  the  chemical  composition  of  the  various  kinds  of  bauxites, 

1  can  give  some  information. 

The  interior  portions  of  the  pisolites  are  somewhat  purer,  on  the 
average,  than  the  exterior ;  the  average  for  pure  material  being  about 
as  shown  in  the  following  analyses  : 

Interior.  Per  cent. 

Silica 1.13 

Sesquioxide  of  iron, 0.94 

Exterior. 

Silica, 2.46 

Sesquioxide  of  iron, 1.17 

But  while  this  is  the  case  with  many  of  them,  some  of  the  piso- 
lites are  homogeneous  throughout. 

The  average  bauxite  of  good  quality  from  the  Georgia  district 

runs  about  as  follows  : 

Per  cent. 

Silica, 3. 

Sesquioxide  of  iron, 1.5 

Titanic  acid,        .         .         .        . 4.50 

Alumina, 58.67 

Water  of  hydration, 32.33 

The  percentage  of  mechanical  moisture  varies  according  to  the 
form  of  the  material.     The  pisolites  have  not  over  one,  or  at  most, 

2  per  cent.  The  softer  portions  of  the  bauxite  material  often  run  as 
high  as  10  or  15  per  cent,  of  mechanical  moisture.  The  average 
rock-bauxite  has  from  1  to  3  per  cent,  of  moisture  in  addition  to  the 
water  of  hydration. 

In  many  of  the  purer  samples,  the  silica  and  the  oxide  of  iron 
fall  below  1  per  cent.  each.  In  such  cases,  the  combined  water  of 
hydration  is  increased  by  1  or  2  per  cent.,  and  runs  from  32  to  3-4 
per  cent. 

Dana  gives  the  composition  of  hydrates  of  alumina  as  follows : 
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Diaspore,  A1203,H20  =  {  A' A-  85  per  cent.  1 
L    H2(J,  15  per  cent.  ) 

Bauxite,  essentially  A1203,2H20  =  {  A]±°£  73.9  per  cent,  j 

l     H2(J,  26.1  per  cent.  J 

Some  analyses,  however,  give  A1203,H20,  like  diaspore. 

Gibbsite,  A1A,3H20  =  {  AJA-  «"  Per  ^  } 

L    H20,  34.6  per  cent.  J 

The  mineral  gibbsite  exists  in  the  form  of  stalactites  in  many  of 
the  purer  pockets  of  bauxite  in  the  Georgia  and  Alabama  deposits. 

This  gibbsite  mineral  as  it  occurs  with  the  Georgia  bauxites  has 
about  the  following  composition : 

Per  cent. 
Combined  water,     .........     33.00 

Silica, - 2.60 

Sesquioxide  of  iron,        ........     trace. 

Titanic  acid,  .         .         .         .         .         .  '   .         .         .     trace. 

Alumina, 64.40 

The  water  of  hydration  in  the  hydrate  of  alumina,  as  we  buy  it 
from  the  chemical  concerns  (as  a  triple  hydrate,  A1203,3H20)  con- 
tains, when  pure,  34.62  per  cent,  of  water,  with  65.38  per  cent,  of 
alumina. 

When  the  water  of  hydration  runs  below  31  percent,  in  the  gray- 
ish and  white-colored  native  mineral  which  we  get  from  Georgia 
and  Alabama,  it  is  quite  certain  evidence  to  us  that  the  percentage 
of  silica  is  high. 

A  bauxite  with  only  29  per  cent,  of  water  will  pretty  certainly 
have  a  composition  as  follows  : 

Per  cent. 

Water, 29.0 

Silica, 5.5 

Alumina, 60.0 

Oxide  of  iron, 1.0 

Titanic  acid, 4.5 

I   append    the   analyses   of  several    bauxites   illustrating   these 

points. 

Sesqui- 
Combined  Silica.  oxide  of  Titanic  acid.  Alumina. 

water.  iron. 

Per  cent.  Per  cent.  Per  cent.  Per  cent.  Per  cent. 

33.43  0.80  0.47  4.20  61.10 

32.00  2.66  0.47  4.06  60.81 

32.33  1.53  1.18  4.16  60.80 

18.66  26.50  0.25  3.11  51.64 

14.86  24.86  0.71  3.62  55.83 

20.93  22.96  0.47  4.72  51.14 

16.70  32.03  0.71  3.76  47.03 

18.20  3.10  17.30  3.90  57.00 
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The  fine  material  of  bauxite  usually  contains  more  siliceous 
matter  than  the  pisolites  and  other  harder  portions  of  the  mineral 

It  often  runs  5  per  cent,  higher  in  silica  than  the  harder  portions. 
Often  the  fine  material  is  interspersed  with  seams  or  beds  of  silicate 
of  alumina  (clay). 

The  method  of  analysis  of  bauxites,  as  used  in  commercial  work 
by  the  Pittsburgh  Testing  Laboratory,  Limited,  chemists  for  the 
Pittsburgh  Reduction  Company,  is  as  follows:* 

Mix  and  fuse  five-tenths  of  a  gramme  of  very  finely  powdered  bauxite  with  8 
grammes  of  powdered  bisulphate  of  potassium.  The  fusion  should  be  made  in  a 
thin-walled  platinum  crucible  of  about  400  cubic  centimeters  capacity  ;  the  cover 
of  the  crucible  should  fit  well. 

During  the  first  fifteen  minutes  the  crucible  should  be  on  a  platinum  wire  tri- 
angle over  a  small  flame  of  a  Bunsen  burner.  The  burner  flame  should  be  protec- 
ted from  drafts  by  a  sheet-iron  chimney,  and  the  flame  at  first  should  just  touch  the 
crucible  bottom.  At  intervals  of  five  minutes  remove  the  cover  carefully  and  give 
the  contents  of  the  crucible  a  rotating  motion,  holding  the  crucible  firmly  in  the 
tongs.  At  the  end  of  fifteen  minutes  turn  up  the  flame  till  the  lower  quarter  of  the 
crucible  is  red  hot;  agitate  frequently  as  before. 

In  ten  minutes  more  turn  on  flame  full  and  heat  for  five  minutes,  with  shaking. 
Cool,  add  2  grammes  more  of  bisulphate  of  potassium  and  gradually  bring  to  a 
homogeneous  fusion,  but  do  not  heat  long  enough  to  drive  off  the  free  sulphuric  acid. 

Pour  out  the  liquid  fusion  into  a  warmed  and  dry  platinum  dish  ;  the  cake  cools 
and  does  not  adhere  to  the  dish.  Place  together  with  the  crucible  and  cover  in  a  200 
cubic  centimeter  beaker.  Add  150  cubic  centimeters  of  water.  Heat  to  40°  C, 
with  frequent  stirring,  until  all  soluble  matter  is  dissolved. 

Silica. — Filter  into  two  300  cubic  centimeter  beakers  and  wash  the  residue. 
Ignite  and  weigh  as  silica*  Make  correction  for  silica  if  the  bisulphate  of  potassium 
contained  any.  Also  test  the  silica  with  hydrofluoric  acid,  and  if  any  residue  is 
found  fuse  it  with  a  little  bisulphate  of  potassium,  dissolve  in  water  and  add  it  to 
the  main  solution. 

The  filtrate  from  the  silica  contains  the  titanic  acid,  alumina,  and  oxide  of  iron. 

Titanic  Acid. — Add  dilute  nitric  acid  to  slight  precipitation,  not  cleared  by  stir- 
ring. Add  dilute  (1  to  3)  sulphuric  acid  until  this  precipitate  just  redissolves. 
Add  four  drops  of  concentrated  sulphuric  acid  to  the  solution  and  dilute  to  250 
cubic  centimeters.  Saturate  with  sulphurous  acid  gas.  Heat  slowly  to  boiling,  and 
boil  gently  for  three-quarters  of -an  hour.  Add  a  littlestrong  sulphurous  acid  water 
occasionally  to  keep  the  iron  in  ferrous  state. 

Filter  through  double  filters  and  wash  with  hot  water.  Ignite  and  weigh  titanic 
acid. 

The  filtrate  is  boiled  until  free  from  sulphurous  acid  ;  2  cubic  centimeters  of  con- 
centrated hydrochloric  acid  and  2  cubic  centimeters  concentrated  nitric  acid  are 
added  and  the  solution  boiled  for  fifteen  minutes  to  thoroughly  oxidize  the  iron.  It 
is  then  diluted  to  250  cubic  centimeters  with  hot  water  and  ammonia  added  in  slight 
excess.  Boil  gentiy  for  five  minutes  and  then  warm  for  five  minutes  more.  Long 
boiling  gives  a  precipitate  which  retains  potassium  salts  when  washed.     Filter  and 

*  See  Mineral  Resources  of  the  United  Stales  for  1892,  Washington,  1893,  p.  239. 
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wash  thoroughly  with  hot  water.  "Wash  the  precipitates  off  the  filters  hack  into  the 
beakers,  dissolve  in  10  cubic  centimeters  concentrated  hydrochloric  acid  and  water, 
dilute  to  250  cubic  centimeters  with  hot  water.  Reprecipitate  with  ammonia  as 
before.  Filter  on  the  same  washed  filters.  Ignite  (finally  to  highest  heat  of  blast- 
lamp)  and  weigh  as  oxide  of  iron  and  alumina.  Fuse  with  carbonate  of  soda,  boil 
out  with  water,  filter,  at  d  dissolve  residue  in  hydrochloric  acid.  Titrate  iron  with 
bichromate  and  obtain  alumina  by  difference  from  total  weight  of  oxides  of  iron 
and  alumina,  calculating  the  contained  aluminum  from  the  oxide. 

I  would  like  to  ask  Dr.  Hayes  if  he  does  not  consider  that  the 
bauxite-deposits  of  Georgia  and  Alabama  are  "pockets,"  and  that 
the  ore  occurs  in  these  States  in  the  same  way  as  the  manganese-ore 
does — altogether  in  large  "  pocket  "-deposits. 

Dr.  Hayes  :  I  consider  them  as  pocket-deposits;  but  they  are 
more  definite  in  their  outlines  than  the  manganese-deposits.  They 
are  not  disseminated  throughout  the  clay,  but  are  rather  compactly 
segregated,  though  still  iu  pockets. 

There  is  one  point  in  M.  Laur's  paper  to  which  I  would  call  at- 
tention, namely,  the  alleged  deposition  of  bauxite  at  the  present  time 
in  the  Yellowstone  National  Park.  I  think  that  statement  must  be 
based  upon  an  error.  Mr.  Weed,  who  has  been  at  work  for  the 
Geological  Survey  upon  the  hot-springs  deposits  of  the  Park,  in- 
forms me  that  the  only  compound  of  alumina  which  is  deposited  by 
the  geysers  is  the  silicate.  It  constitutes  a  chalky  substance  con- 
taining a  considerable  amount  of  free  silica;  but  there  is  nothing 
which  at  all  resembles  the  bauxites  of  the  South.  The  pisolitic 
nuclei  which  are  deposited  are  entirely  siliceous. 

R.  W.  Raymond,  New  York  City :  So  far  as  negative  evidence 
goes,  I  can  corroborate  Dr.  Hayes's  remarks,  as  in  my  own  explora- 
tion of  the  Yellowstone  Park,  in  1871,  while  I  observed  siliceous 
pisolites  in  abundance,  I  noticed  nothing  like  bauxite. 

In  connection  with  this  subject,  I  think  it  appropriate  to  recall 
the  circumstance  that  the  attention  of  the  Institute  was  first  called 
to  the  Southern  bauxites  by  our  late  fellow-member,  beloved  and  la- 
mented, Mr.  Edward  Nichols,  whose  paper  on  "An  Aluminum  Ore" 
(Trans.,  xvi.,  905),  read  at  the  Duluth  Meeting,  July,  1887,  describes 
a  deposit  in  Floyd  county,  Georgia. 
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THE  DETEBM1NATI0N  OF  PHOSPHOBUS  IN  COAL  AND 

COKE. 

Discussion  of  the  Paper  of  Mr.  Lychenheim.     (See  p.  66.) 
(Virginia  Beach  Meeting,  February,  1S94.) 

George  L.  Norris,  Melrose,  Mass.  (communication  to  the  Secre- 
tary) :  About  a  year  ago  I  had  occasion  to  make  a  large  number  of 
determinations  of  phosphorus  in  anthracite  coal,  and  found  the  fol- 
lowing method  highly  convenient  and  accurate.  It  resembles  very 
much  the  one  followed  by  Mr.  Lychenheim. 

Five  grammes  of  powdered  coal  were  weighed  into  a  platinum 
milk-capsule,  about  two  inches  in  diameter  and  one  inch  deep,  and 
burned  over  a  Bunsen  burner.  After  the  volatile  matter  had  been 
driven  off,  the  burning  was  hastened  by  a  stream  of  oxygen.  The 
ash  was  then  moistened  with  water;  about  25  c.c.  of  strong  hydro- 
chloric acid  and  2  to  5  c.c.  of  hydrofluoric  acid  were  added  ;  and  the 
mass  was  heated  to  solution.  It  was  then  transferred  to  a  small 
flask,  concentrated  nitric  acid  was  added,  and  the  remaining  hydro- 
chloric and  hydrofluoric  acid  were  evaporated  off;  after  which  the 
determination  was  completed  as  usual  in  the  Emmerton  method.  I 
found  that  the  addition  of  a  little  phosphorus-free  iron  chloride  or 
sulphate  was  useful  as  an  indicator  in  neutralizing  with  ammonia 
before  the  precipitation  with  molybdate  solution.  My  experience 
was,  that,  as  Mr.  Lychenheim  says,  most  of  the  phosphorus  is  soluble 
in  hydrochloric  acid  ;  but  that  by  using  hydrofluoric  acid  I  was  sure 
of  getting  all  the  phosphorus,  and  had  no  troublesome  residue  in  my 
solution. 


1BON-OBES  OF  EAST  TEXAS. 

Postscript  to  the  Paper  of  Mr.  Kenned}'.     (See  p.  258.) 
(Virginia  Beach  Meeting,  February,  1894.) 

Since  this  paper  was  written,  some  changes  have  taken  place,  ma- 
terially reducing  the  cost  of  iron-making  as  estimated  in  the  text. 
These  are  chiefly  reductions  in  the  prices  of  ore  and  fuel.  The 
charcoal  used  is  now  made  in  bee-hive  ovens,  and  the  price  is  con- 
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sequently  4  cents  instead  of  6  cents  per  bushel,  which  alone  effects 
a  saving  of  over  $2  per  ton  of  iron.  The  cost  of  the  ore  also  has 
been  slightly  reduced,  so  that  the  estimate  for  a  ton  of  iron  would 
be  $9.50  instead  of  $12.01,  as  given  in  the  paper.  This  expense 
would  be  distributed  as  follows: 

2^  tons  of  ore, $2  05 

110  bushels  of  charcoal,   .        .         .        .        .        .        .         .  4  40 

J  ton  of  limestone,   .........  75 

Labor  and  salaries,  .        .        . 1  50 

Interest, 30 

Repairs  and  incidentals, 50 

$9  50 

Our  chief  trouble  now  is  transportation;  and  that,  I  think,  will 
soon  be  remedied,  or  at  least  greatly  ameliorated,  so  far  as  the  New 
Birmingham  district  is  concerned.  The  State  is  building  an  outlet 
to  Palestine,  and  we  have  now  under  consideration  a  new  road,  for 
which  plans,  profiles,  and  other  details  have  been  partially  pre- 
pared, and  the  right  of  way  has  been  secured,  and  which  will 
traverse  the  whole  region  from  Alexandria,  La.,  to  Fort  Worth, 
Tex.,  passing  through  New  Birmingham  and  Palestine.  This  road, 
when  finished,  will  give  us,  to  the  east,  an  outlet  on  the  Red 
river,  which  is  navigable ;  and  on  the  west  it  will  connect  us  with 
the  great  railway  systems  of  Texas.  The  freight-charge  on  fluxes, 
as  well  as  on  pig-iron,  will  be  materially  lessened. 

Experiments  to  test  the  coking-qualities  of  the  Thurber  coal  are 
in  progress.  In  the  event  of  a  successful  result,  we  may  be  able  to 
obtain  coke  from  these  mines  at  a  reasonable  rate. 


THE  TORSIONAL  THEORY  OF  JOINTS. 

Discussion  of  the  Paper  of  Mr.  Becker.     (See  p.  130.) 
(Virginia  Beach  Meeting,  February,  1894.) 

President  Howe  :  It  is,  of  course,  not  easy  to  discuss  off-hand 
the  paper  which  Mr.  Becker  has  presented  with  so  much  lucidity. 
I  will  only  make  one  remark,  which  is  outside  of  the  line  of  his  ar- 
gument, and  concerns  merely  a  passing  allusion  in  his  paper.  Mr. 
Becker  speaks  of  the  fact  that  glass  breaks  with  a  flat  or  conchoidal 
fracture,  and  that  steel  shows  a  rough  or  "  cupped  "  surface  of  frac- 
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ture.  This  difference  we  would  naturally  ascribe  to  the  great  differ- 
ence in  the  other  physical  properties  of  the  two  substances.  Yet  I 
have  seen  copper-steel  which  did  break  in  a  perfectly  flat  fracture, 
or  apparently  so.  It  seemed  to  be  accurately  perpendicular;  a 
smooth,  mirror-like  fracture,  such  as  mineralogists  called  "splen- 
dent." Yet  the  physical  properties  of  this  steel  did  not  differ  from 
those  of  common  steel,  or  resemble  those  of  glass  in  the  way  which 
this  fracture  suggests. 

R.  W.  Raymond,  Xew  York  City:  The  general  conclusions 
reached  by  Mr.  Becker  seem  to  me  to  be  fairly  demonstrated.  His 
paper  does  not  contain  any  precise  definition  of  what  we  call  joints; 
and  possibly  such  a  definition  ought  to  be  offered  as  the  basis  of  any 
complete  theory  of  the  subject.  Without  venturing  to  supply  such 
a  definition  here,  I  infer  from  Mr.  Becker's  paper,  and  in  accordance 
with  our  general  usage  of  the  term,  that  joints  are  to  be  distinguished 
on  the  one  hand,  from  cleavage- planes,  which  we  may,  perhaps, 
consider  as  potential  rather  than  actual  partings,  and,  on  the  other 
hand,  from  fissures  on  a  larger  scale,  such  as  become  the  receptacles 
of  mineral  veins.  And  I  understand  his  view  to  be,  that  jointing 
is  neither  produced  by  tensile  stress  nor  by  pure  torsion,  while  di- 
rect, more  or  less  oblique,  pressure  will  account  for  the  observed 
phenomena.  At  the  same  time,  he  recognizes  the  inevitable  com- 
plexity of  the  stresses  involved. 

This  conclusion  may  have  an  important  bearing  on  the  subject  of 
larger  rock-faults.  At  the  Washington  meeting  of  February,  1882, 
J  presented  a  paper  on  "  Hoefer's  Method  of  Determining  Faults  in 
Mineral  Veins,"  based  upon  the  author's  essay,"  which  appeared  in 
volume  xxix.  of  the  Austrian  Zeitschrift.  The  peculiarity  of  Prof. 
Hoefer's  method  is,  that  it  provides  for  the  case  of  a  relative  move- 
ment of  the  two  walls  of  a  fault  which  is  not  rectilinear,  but  to  some 
extent  rotatory  ;  that  is,  in  which  a  partial  revolution  of  the  mass  on 
one  side  of  the  fault  has  taken  place  around  an  axis  normal  to  the 
plane  of  the  faulting-fissure.  The  evidence  of  such  a  motion  is 
found  in  changes  of  dip  and  strike,  produced  by  the  fault,  in  the 
fissure  faulted.  I  wrote  to  Prof.  Hoefer  at  that  time,  telling  him 
that  this  phenomenon  had  not  been  recognized  in  our  mining  dis- 
tricts to  any  great  extent,  and  asking  whether  such  movements,  dis- 
tinct from  rectilinear  ones,  had  been  frequently  observed  by  him. 
His  reply  was : 

*  Trans.,  x.,  456. 


THE    TORSIONAL   THEORY    OF    JOINTS.  865 

"  Circular  movements,  combined  with  movements  in  straight  lines,  are  very  fre- 
quent in  onr  faults;  in  fact,  I  do  not  doubt  at  all  that  a  continued  careful  study  will 
show  them  to  be  tlie  rule.  Whether  simple  revolutions  often  occur,  is  very  diffi- 
cult to  decide  from  the  observations  thus  far  available."  * 

It  is  my  present  belief,  that  the  circular  movements  have  been,  as 
a  rule,  not  only  accompanied  by  straight-line  movements,  but  that 
the  latter  have  been  predominant;  and  it  seems  to  me  most  reason- 
able to  suppose  that  rotation  has  been  caused,  not  by  the  direction 
of  the  forces  which  caused  rupture,  but  by  the  resistance  encountered 
in  the  course  of  a  rectilinear  slide.  It  is,  indeed,  almost  inevitable 
that  such  a  movement  would  not  be  wholly  rectilinear,  but  that  the 
mass  would  be  turned  more  or  less  around  points  of  greater  friction. 
In  other  words,  the  seeming  effects  of  torsion  might  be  produced 
after  the  occurrence  of  a  rupture  in  which  torsion  had  taken  no  part. 

In  this  view  the  causes  of  rupture  on  the  large  scale  would  be  en- 
tirely analogous  to  those  observed  on  the  small  scale  in  joints.  This 
is  a  familiar  principle  to  those  who  have  worked  upon  rocks  with 
the  microscope,  or  have  studied  in  hand-specimens  the  features  ex- 
hibited in  rock-masses.  We  find  in  all  sizes  the  phenomena  of 
faults,  contortions,  cavities,  segregations,  etc.;  and  we  are  almost  ir- 
resistibly led  to  the  conclusion  that  the  microscopic  is  but  the  image 
of  the  macroscopic,  and  vice  versa.  But,  in  accordance  with  this 
principle,  it  may  be  (indeed,  it  ought  to  be)  true  that  the  small 
ruptures  are  sometimes  produced,  as  are  larger  faults,  by  tensile 
stress.  In  fact,  I  think  such  minute  tension-ruptures  are  frequently 
to  be  observed,  but  they  do  not  generally,  if,  indeed,  they  ever  do, 
exhibit  the  smoothness  and  regularity  of  joints. 

Mr.  Becker:  I  may  remark  that  faults  supposed  to  be  produced 
by  torsion  are  said  to  be  so  common  in  certain  French  mining  dis- 
tricts that  the  miners  have  a  special  name  for  them.  They  call  them 
hinge-faults,  which  is,  I  think,  a  very  good  name. 

The  term  joint  I  regard  as  used  simply  for  convenience  to  desig- 
nate those  partings  in  rocks  on  which  the  throw  is  not  apparent 
without  close  observation.  Excepting  in  the  amount  of  throw,  they 
are  not  distinguishable  from  the  paraclastic  ruptures  on  which  min- 
eral veins  form.  Even  on  joints  ores  sometimes  occur,  e.g.,  the 
"paints"  of  the  quicksilver  mines.  Joints  also  pass  over  into, 
cleavage.  This  structure  sometimes  consists  of  closely  grouped, 
joints  of  microscopic  throw,  and  sometimes  of  mere  deformation  not 

*  For  a  single  and  uncertain  instance  of  possibly  simple  circular  movement,  ad- 
duced by  Prof.  Hoefer,  see  my  paper  above  cited,  Trans.,  x.,  4G3. 
vol.  xxiv. — 55 
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carried  quite  far  enough  to  induce  rupture.  Cleavage  and  faulting 
are  equally  orogenic  disturbances. 

C.  R.  Boyd,  Wytheville,  Va.  :  In  examining  a  silver-mining 
property  at  Conrad  Hill,  six  miles  southeast  of  Lexington,  David- 
son county,  North  Carolina,  several  years  ago,  I  found  two  series  of 
fissures  crossing  each  other,  one  set  being  mainly  filled  with  carbon- 
ate of  iron  and  magnesia,  the  other  with  iron  and  copper  pyrites, 
carrying  gold  and  silver.  The  individual  fissures  of  each  series 
were  not  more  than  15  or  20  feet  apart.  The  carbonate- veins  had  a 
north  and  south  strike,  and  a  dip  of  30°  west.  The  pyrites  veins  ran 
east  of  north  and  west  of  south,  dipping  40°  west  of  north.  The  an- 
gle between  the  two  series  was  about  the  same  as  that  which  the  moun- 
tain ranges  of  that  section  make  with  the  true  meridian.  That  both 
series  could  have  resulted  from  simple  tangential  strains  or  thrusts 
would  be  difficult  to  prove,  and  that  they  could  both  be  fissures  of 
contraction  I  hardly  believe.  Possibly  tors*on  may  have  caused 
them;  but  it  is  more  probable,  in  my  judgment,  that  they  resulted 
from  disturbances  proceeding  from  separate  foci,  and  not  necessarily 
simultaneous. 

Mr.  Becker  :  The  angle  depends  on  the  amount  of  distortion 
which  has  preceded  rupture.  If  a  substance  is  brittle,  like  glass  or 
cast-iron,  and  yields  to  rupture  before  it  has  been  deformed  to  any 
considerable  extent,  the  fissures  will  cross  at  right-angles.  If,  on 
the  other  hand,  the  character  of  the  mass  or  its  confined  position  (as 
is  often  the  case  with  rocks)  prevents  rupture  from  occurring  until 
deformation  has  reached  an  extreme  limit,  the  angle  between  the  di- 
rection of  the  force  and  that  of  fracture  may  be  even  50  or  60 
degrees,  and  large  angles  seem  always  to  mean  great  preliminary 
deformation. 

The  most  usual  conditions  of  rock  fracture  involve  the  simulta- 
neous formation  of  two  sets  of  fissures;  but  when  the  resistances  in 
all  directions  perpendicular  to  the  line  of  force  are  substantially 
uniform,  four  sets  of  rupture  may  form,  each  being  at  45°  or  more 
to  the  line  of  force,  and  all  four  sets  will  be  slickensided.  A  single 
system  of  parallel  faults  involves  the  action  of  a  "  rotational  "  stress 
(which  is,  of  course,  utterly  different  from  a  torsional  stress);  and  a 
solitary  fault  arises  as  an  extreme,  and  in  my  experience  rare,  case  of 
a  rotational  stress.  I  am  inclined  to  believe  that  when  two  or  three 
or  four  systems  of  joints  or  fissures  intersect  a  rock  mass  they  were, 
as  a  rule,  formed  simultaneously.  When  a  rock  is  once  shattered  a 
fresh  force  meets,  in  general,  with  very  unequal  resistance  in  differ- 
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ent  directions,  and  will  cause  disturbance  on  the  old  fissures  or 
brecciate  the  whole  mass  rather  than  induce  a  new,  regular  system 
of  intersecting  partings. 


THE  INACCURACY  OF  THE  COMMERCIAL  ASSAY  FOR 

SILVER. 

Discussion  of  the  paper  of  Mr.  Stetefeldt.     (See  p.  530.) 
(Bridgeport  Meeting,  October,  1894.) 

Prof.  H.  O.  Hofman,  Massachusetts  Institute  of  Technology, 
Boston,  Mass.  (communication  to  the  Secretary) :  When  Mr.  Stete- 
feldt quotes  me  as  saying  that  "silver-assays  are  uniformly  made 
by  scorification,"  he  has  evidently  not  understood  that  I  was  refer- 
ring solely  to  the  practice  of  silver-lead  smelting-works.  Every- 
body knows  that  silver- m/Ws  do  not  employ  the  scorification-assay 
for  regular  work  ;  and  it  is  equally  certain  that  in  very  few,  if  any, 
silver-lead  smelting-works  will  the  crucible-assay  be  found  in  use 
for  determining  silver.  The.  second  part  of  the  quotation,  aas  it  is 
adapted  to  all  kinds  of  ores  and  gives  excellent  results  unless  organic 
matter  is  present,"  although,  of  course,  also  intended  in  a  restricted 
sense,  might  very  well  be  extended  to  a  general  one.  Mr.  Furman, 
in  his  Manual  of  Practical  Assaying  *  says,  on  page  123:  "We  be- 
lieve that  the  Colorado  practice  is  preferable,  as  most  ores  will 
yield  higher  silver-results  by  scorification."  The  fact  that  the  sco- 
rification-assa)  is  the  accepted  one  in  Colorado  is  strong  presumptive 
evidence  for  its  accuracy,  as  exactness  would  nowhere  else  be  more 
jealously  demanded. 

Mr.  Stetefeldt  cites  Albert  Arentsf  as  a  supporter  of  his  prefer- 
ence for  the  crucible-assay,  although  I  had  already  done  so  in  favor 
of  scorification.  Looking  up  again  the  reference,  I  find  that  I  was 
justified  in  quoting  him,  as,  while  Mr.  Arents  ad  vocatesj  the  crucible- 
assay  for  low-grade  gold  ores,  not  on  account  of  the  greater  accuracy 
of  its  results,  but  because  it  is  quicker  and  less  expensive,  he  condemns 
it§  for  the  assay  of  silver-ores,  and  prefers  the  scorifier  for  rich  gold- 
ores,  and  for  coppery  ores,  and  in  general  for  ores  containing  both 
silver  and  gold.     As  I,  like  Mr.  Stetefeldt,  have  kept  no  detailed 

*  John  Wiley  &  Sons,  New  York,  1898. 

f  Berg.und  Hiitlenmannische  Zeilung,  1867,  p.  85. 

%  Loc.  cit.,  column  1.  \   Op.  ciL,  p.  86,  column  2,  foot-note. 
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record  of  my  own  experience,  I  may  quote  such  authorities  as  Four- 
net,*  Richter  and  Hubner,f  and  Gorz,|  in  support  of  my  view. 

Mr.  Stetefeldt  maintains  that  dry  silver-ores  containing  antimonial 
and  arsenical  sulphides  ought  always  to  be  assayed  by  the  crucible- 
method  rather  than  by  scorification.  But. in  the  crucible,  especially 
with  arsenical  ores,  we  are  very  liable  to  obtain  a  speise-button  ;  and 
while  this  does  not,  as  a  rule,  run  high  in  silver,  we  are  not  justified 
in  neglecting  it.  We  have  to  make  a  separate  assay  to  recover  the 
precious  metal  it  may  contain,  and  cannot  but  have  considerable  loss 
whichever  way  we  may  attack  it.  True,  the  bulk  of  the  silver  of 
the  ore  has  been  collected  in  the  lead-button;  but  will  the  silver 
recovered  by  crucible-work  on  ore,  combined  with  that  obtained 
from  the  speise  by  any  kind  of  work,  be  greater  in  amount  than 
that  which  the  scorification-assay  yields?     It  does  not  seem  probable. 

Tables  I.  and  II.,  given  by  Mr.  Stetefeldt,  put  the  crucible-assay 
in  a  very  favorable  light,  but  would  have  been  more  convincing  if 
they  had  shown  in  detail  that  the  losses  were  not  sufficiently  large 
to  detract  materially  from  the  results.  In  Table  III.,  however,  the 
silver  recovered  from  the  cupel  is  given  separately  from  that  of  the 
slag;  and  there  I  find  that  the  amount  absorbed  by  the  cupel  is  ex- 
cessive. At  the  government  silver-lead  smelting-  and  refining- 
works  of  Lautenthal§,  Prussia,  this  loss  was  ascertained  in  my  labo- 
ratory with  comparatively  pure  low-grade  base  bullion,  containing 
99.4  per  cent,  lead  and  43.75  ounces  silver  per  ton,  to  be  3.5  per 
cent,  of  the  silver.  In  Table  III.  it  is  seen  to  range  from  6  to  22 
per  cent.  As  the  assays  of  Tables  I.  and  III.  were  made  in  the 
same  mills,  A  and  B,  and  Mr.  Stetefeldt  himself  does  not  claim 
that  their  assayer  is  an  expert  in  the  scorification-method,  while 
cupelling  crucible-buttons  belongs  to  his  regular  work,  is  it  not  pos- 
sible that  the  difference  of  2.3  ounces  in  favor  of  the  crucible  may 
be  due  to  his  inexperience? 

It  is  to  be  hoped  that  the  figures  presented  by  Mr.  Stetefeldt  may 
induce  some  of  our  silver-lead  smelters  to  take  up  the  question  of 
scorification-  versus  crucible  assay,  and  let  the  public  have  the  benefit 
of  their  work. 

Mr.  Stetefeldt  (communication  to  the  Secretary):  In  quoting 

*  Berg,  und  Huttenmannische  Zeitung,  1867,  pp.  102,  122. 

f  Zeilschr.  fur  das  B.,  H.,  u.  Salinen-  Wesen  in  dem  Preussischen  Staate,  1S73,  vol. 
xxi.,  Abthl.  B,  p.  118,  and  1876.  vol.  xxiv.,  Abthl.  B,  p.  497. 
X  Berg,  und  Huttenmannische  Zeitung,  1886,  p.  441. 
\  Zeitschr.fur  das  B.,  H.,  u.  Salinen-  Wesen,  1880,  vol.  xxviii.,  B,  p.  295. 
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the  article  by  Mr.  Arents  in  the  Berg,  und  Huttenmannische  Zeitung, 
in  favor  of  the  crucible-assay  versus  scorification,  I  must  say  that  I 
have  not  read  the  same,  because  I  failed  to  obtain  a  copy  of  the  Zei- 
tung. My  information  was  derived  from  conversation  with  Mr. 
Arents  himself.  Addressing  him  recently  on  the  subject,  I  received 
the  following  reply  : 

"In  answer  to  your  communication  of  October  17th,  I  will  say  that  my  article  in 
the  Berg-  und  Huttenmannische  Zeitung,  referred  to  by  yon  and  Prof.  Hofman,  was 
primarily  intended  to  recommend  to  my  colleagues  in  Germany  the  use  of  the  cru- 
cible-assay in  certain  instances  in  place  of  scorification. 

"While  I  would  consider  it  labor  lost  to  test,  for  example,  the  galenas  of  the 
Hartz  for  their  silver  by  any  other  method  but  scorification,  I  did  consider  it  folly 
not  to  use  the  crucible-assay,  but  persist  in  endless  repetitions  of  unsatisfactory 
scorification  tests,  for  the  determination  of  the  precious  metals  of  the  ruby  silver- 
ores  of  Andreasberg  and  of  certain  foreign  dry  ores  with  little  gold  and  stme  rich 
silver  minerals,  then  frequently  bought  and  treated  in  Germaany. 

"  My  opinion  has  not  suffered  any  change  since.  Docile  ores  and  products  which 
upon  heating  do  not  decrepitate  or  sputter,  which  are  of  uniform  composition  and 
not  of  too  low  grade,  are  eminently  fit  to  be  tested  by  scorification  with  attending 
commercially  correct  results;  but  where  theee  conditions  do  not  prevail,  where  loss 
by  effervescence  or  volatilization  will  take  place  in  heating,  where  a  large  quantity 
of  material  will  represent  a  more  accurate  sample  or  a  more  satisfactory  quantity 
of  precious  metal  for  weighing  purposes,  then  the  crucible  assay  is  preferable  to 
scorification  on  account  of  its  more  reliable  results." 

Mr.  Arents  also  agrees  with  me  that  the  general  acceptance  of  the 
scorification-assay  in  the  smelting-works  of  Colorado  is  not  "  strong 
presumptive  evidence  for  its  accuracy."  The  smelter's  business  is 
to  make  money,  not  accurate  assays.  His  principal  profit  in  buying 
dry  silver-ores  is  derived,  not  from  the  low  charges  for  reduction, 
but  from  the  difference  between  the  actual  contents  of  precious 
metals  in  the  ores  and  that  shown  by  the  commercial  scorification- 
assay. 

I  give  on  the  following  page  a  supplement  to  Table  L,  as  sug- 
gested by  Prof.  Hofman.  For  Table  II.,  I  have  no  such  detailed 
statement  on  hand  ;  and  since  in  this  case  the  commercial  and  cor- 
rected assays  by  the  two  methods  differ  only  slightly,  it  would  not 
be  of  much  interest. 

From  the  fact  that  in  Table  I.  the  corrected  crucible-assay  is  in 
most  cases  considerably  higher  than  the  corresponding  scorification- 
assay,  we  may  draw  the  conclusion  that  in  scorification  the  loss  of 
silver  by  volatilization  was  greater;  and  this,  I  claim,  is  always  the 
case  with  dry  silver-ores  containing  arsenic  and  antimony. 
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Supplement  to  Table  I. — Silver  in  Slag  and  Cupel. 


Description  of  Ore. 

Method 
of  Assaying. 

Silver  in  Slag. 

Silver  in  Cupel. 

Scorification. 
Crucible. 

Ounces. 
0.5 
0.9 

Ounces. 
1.5 
1.6 

Raw  Ore,  No.  2 

Scorification. 
Crucible. 

0.6 

0.9 

1.3 
1.5 

Raw  Ore,  No.  3 

Scorification. 
Crucible. 

0.8 
0.9 

0.8 
1.0 

Mixture  of  Raw  Ore,  Nos.  1, 
2  and  3 

Scorification. 
Crucible. 

0.5 
1.8 

4.8 
3.6 

Mixture  of  Roasted  Ore,  Nos. 
1,  2  and  3 

Scorification. 
Crucible. 

0.4 
0.1 

4.8 
4.0 

Note. — Why  so  much  more  silver  was  absorbed  by  the  cupel  in  assaying  the 
mixtures  of  raw  and  roasted  ore  than  in  the  separate  assays  of  raw  ores  Nos.  1,  2, 
and  3,  I  cannot  explain  ;  I  simply  give  the  results  as  handed  to  me. 


The  percentage  of  arsenic  in  dry  silver-ores  is  generally  so  slight 
that  there  is  no  danger  of  obtaining  a  speise-bntton  in  the  erucible- 
assay,  as  Prof.  Hofman  suggests;  in  fact,  during  my  long  practice  of 
assaying  such  ores  at  Austin,  Xev.,  I  have  never  observed  this  to 
occur  if  sufficient  litharge  was  used  in  the  flux. 

Prof.  H.  O.  Hofman,  Boston,  Mass.  (communication  to  the 
Secretary) :  The  losses  that  occur  in  assaying  gold-  and  silver- 
bearing  materials  are  now  being  investigated  by  practical  assayers, 
and  the  final  results  will  be  made  public  in  due  time.  Meanwhile, 
it  seems  rather  unprofitable  for  those  not  directly  engaged  in  the 
work  to  continue  the  discussion  further,  unless  they  can  furnish  data 
from  their  own  previous  experience  which  may  help  to  clear  up  the 
matter.     I  have  no  such  data  in  my  possession. 

Mr.  Stetefeldt  says  that  "  the  smelter's  business  is  to  make  money, 
not  accurate  assays,"  and  that  therefore  the  general  acceptance  of  the 
soorifieation-assay  by  Colorado  smelters  is  not  strong  presumptive 
evidence  of  its  accuracy,  as  I  had  claimed.  Mr.  Arents  is  also  quoted 
by  Mr.  Stetefeldt  as  holding  the  same  opinion.  This  may  have  a 
plausible  souud,  but  will  scarcely  bear  closer  investigation.  Take, 
tor  instance,  Denver  and  Pueblo,  with  their  smelting- and  sampling- 
works.     They  contain  five  of  the  largest  silver-lead  smelting-works 
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of  the  country,  competing  for  the  same  class  of  ores.  If  crucible- 
work  were  so  superior  to  that  by  scorification,  would  not  all  assays 
be  made  in  the  crucible,  that  the  superintendents  might  know  accu- 
rately how  much  silver  and  gold  they  were  buying,  whatever  they 
might  be  inclined  to  deduct  for  the  supposed  inferiority  of  the  scori- 
fication-assay ?  But  such  is  not  the  case.  Any  attempt  to  take 
unfair  advantage  of  the  miner  by  means  of  the  lower  scorification 
result  could  not  succeed,  as  the  sampling-works  stand  in  the  way, 
whose  business  is  to  do  the  best  for  their  clients,  the  miners.  They 
would  demand  the  crucible-assay  for  silver  (as  they  do  to-day  for 
gold)  if  its  results  were  really  so  much  higher.  But  we  see  the 
scorifier  accepted  as  the  standard  by  both  parties,  and  I  submit  that 
this  fact  is  "strong  presumptive  evidence  for  its  accuracy." 

H.  Van  F.  Fuhman,  Denver,  Colo,  (communication  to  the  Sec- 
retary) :  Mr.  Stetefeldt's  statement  that  "the  smelter's  business  is  to 
make  money,  not  accurate  assays,"  is  somewhat  misleading.  That 
the  smelter's  business  is  to  make  money,  none  will  deny  ;  but  that 
accurate  assays,  at  least  within  certain  rather  narrow  limits,  are  a 
necessity  to  the  smelter,  is  well  known  to  any  one  who  has  been 
engaged  in  the  business,  and  should  be  apparent  to  all. 

As  I  have  stated  elsewhere  [Manual  of  Practical  Assaying,  p. 
123),  the  scorification-assay  has  been  quite  generally  adopted  in 
Colorado  for  the  determination  of  silver,  for  the  reason  that  it  ap- 
parently gives  higher  and  more  uniform  results  on  the  majority  of 
Colorado  ores.  For  the  determination  of  gold,  the  crucible-method 
is  now  quite  generally  adopted  in  Colorado. 

I  can  hardly  agree  with  Mr.  Stetefeldt  that  the  smelter's  principal 
profit  on  dry  silver-ores  is  derived  from  "the  difference  between  the 
actual  contents  of  precious  metals  in  the  ores  and  that  shown  by  the 
commercial  scorification-assay."  That  there  is  a  loss  of  silver  in  the 
assay  is  well  known  to  all  smelters.  That  there  is  a  greater  loss  in 
smelting  is  also  well  known.  The  fact  that  our  smelters  only  pay 
for  95  per  cent,  of  the  silver,  as  shown  by  commercial  assay,  is  an 
evidence.  Were  it  possible  to  determine  the  actual  amounts  of  silver 
present  by  commercial  methods,  I  have  no  doubt  that  our  smelters 
would  gladly  adopt  such  methods,  but  of  course  accompanied  with 
a  higher  deduction  for  loss  in  smelting. 

Whatever  the  former  practice  may  have  been,  it  is  not  usual  at 
present  in  Colorado  to  sell  ore  exclusively  on  the  smelters'  assays. 
The  practice  for  a  number  of  years  past  has  been  to  check  the 
smelters'  assay  with  another,  made  by  an  outside  assay er.     In  case 
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of  difference,  a  third  sample  is  sent  to  some  outside  assayer,  who  is 
selected  as  an  umpire,  and  his  assay  is  regarded  as  final. 

In  buying  ores,  the  object  generally  aimed  at  is  to  pay  for  such 
amounts  of  gold  and  silver  as  will  finally  be  obtained  after  the  ores 
are  smelted  and  the  bullion  refined.  The  precious-metal  value  of 
the  ore  is  usually  calculated  on  this  basis,  and  a  deduction  is  made 
from  the  value  thus  obtained  for  profit  and  cost  of  treatment.* 


A  VNIFORM  METHOD    FOR    THE  ASSAY  OF  COP  FEU- 
MATERIALS  FOR  GOLD  AND  SILVER. 

Discussion  of  the  Paper  of  Dr.  Lerloux.     (See  p.  575). 
(Bridgeport  Meeting,  October,  1S94.) 

R.  W.  Raymond,  New  York  City :  As  was  announced  in  the 
Secretary's  note,  appended  to  the  pamphlet  edition  of  Dr.  Ledoux's 
paper,  I  have  undertaken  to  superintend  the  preparation  of  the 
samples  required  by  his  plan,  and  the  collation  for  publication  of 
the  results  reported.  Promises  of  cordial  co-operation  have  been 
received  already  from  a  number  of  leading  assayers;f  and  it  is  to  be 
expected  that  the  data  thus  collected,  and  the  discussion  to  be  based 
upon  them,  will  shed  much  light  upon  the  important  question  raised 
in  this  paper.  Although  a  detailed  discussion  of  methods  on  the 
present  occasion  might  be  deemed  premature,  I  am  sure  that  sugges- 
tions on  the  subject  from  members  engaged  in  assaying  would  be 
timely  and  valuable  as  a  preliminary  to  later  and  more  detailed  criti- 
cism. 

Herbert  G.  Torrey  (U.  S.  Assay  Office),  New  York  City  :  I 
may  say  in  relation  to  the  losses  in  the  furnace  that  I  have  made  a 
number  of  experiments,  and  on  my  little  blank  form  years  ago  I  put 
down  a  place  for  the  losses  in  the  cupel.  It  met  with  a  good  deal 
of  opposition  among  the  smelters,  but  I  claimed  that  it  was  my  duty 
to  give  the  full  amount  of  the  gold  and  silver  present,  and  that  it 

*  See  article  by  the  writer  on  "  Purchasing  Silver-,  Gold-  and  Lead-Ores,"  School 
of  Mines  Quarterly,  vol.  xv.,  No.  1. 

f  The  number  was  subsequently  increased  to  over  20,  and  the  samples  were 
distributed  in  accordance  with  the  plan  of  Dr.  Ledoux.  It  is  hoped  that  the  re- 
sults can  be  received,  printed  and  distributed  in  time  for  thorough  discussion  at  the 
next  meeting  of  the  Institute. 
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was  tlieir  duty  to  make  the  commercial  allowance.  This  was  ac- 
cepted by  one  leading  smelter.  Many  times  I  allowed  from  20  up 
to  as  high  as  50  ounces  on  the  assay  for  the  loss  in  the  muffle;  and 
the  fact  that  the  smelter  allowed  it  showed  that  it  must  have  been 
correct.  The  question  came  up,  I  think,  in  connection  with  com- 
parative assays  with  Mr.  Pitkin  on  some  very  close  work  that  we 
were  doing  together ;  and  my  attention  was  drawn  to  the  loss  of 
gold,  not  so  much  in  the  muffle  as  in  the  manipulation  of  decanting 
and  washing.  I  think  I  have  also  had  comparative  experiments 
with  the  Balbach  establishment  on  the  same  head.  I  think  this  is 
a  question  all  assayers  should  look  into  very  carefully.  After  the 
work  is  all  done  in  the  furnace  and  in  the  cupellation,  losses  may 
occur  from  a  little  carelessness  in  washing  away  some  particles  of 
the  gold  at  the  time  of  parting.  I  think  that  is  a  place  where  we 
are  most  apt  to  make  mistakes.  The  time  that  the  matrass  is  allowed 
to  stand,  and  the  adroitness  with  which  the  decantation  is  performed, 
may  make  a  difference  of  10  per  cent,  without  our  knowing  it.  I 
think  that  point  might  be  included  in  this  experiment  with  great 
advantage,  namely,  the  exact  method  which  should  be  followed  in 
recovering  very  small  particles  of  gold  from  the  nitric  acid  in  the 
matrass  and  the  best  method  to  be  used  in  decanting. 

E.  D.  Peters,  Jr.,  Dorchester,  Mass.  :  I  should  like  to  ask  Dr. 
Ledoux  if  he  could  suggest  the  form  of  a  pyrometer  for  measuring 
the  temperature  of  a  muffle  during  assaying.  It  has  been  a  good 
many  years  since  I  have  had  occasion  to  do  any  assaying  myself.  In 
the  West  that  used  to  be  a  great  trouble.  In  present  practice  there  is 
probably  very  little  loss  by  volatilization  in  a  commercial  assay,  be- 
cause the  temperature  is  so  carefully  watched,  especially  in  the  West, 
where  the  assayers  of  works  deal  with  numerous  samples  at  once. 
But  I  do  not  see  why  a  simple  form  of  pyrometer  might  not  be 
used.  I  suppose  it  would  be  practicable  to  have  something  like  a 
thermostatic  bar  that  would  automatically  turn  the  gas  off  and  on, 
and  I  would  ask  Dr.  Ledoux  if  he  knows  of  anything  in  that  line. 

Mr.  Torrey  :  I  meant  to  say,  in  mentioning  the  deduction  for 
losses  in  the  cupel,  that  they  were  based  upon  numerous  experiments 
to  determine  such  losses.  By  making  a  comparative  assay  and  find- 
ing about  what  the  material  contained,  and  then  making  up  a  proof 
and  putting  it  between  the  duplicate  samples,  and  then  allowing  for 
the  losses  in  the  cupel,  I  found  that  I  could  get  very  nearly  the 
proper  results.  In  answer  to  Dr.  Peters's  question  regarding  a  py- 
rometer, I  would  say  that  Mr.  Charles  Taylor,  one  of  my  assistants 
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has  invented  and  put  in  operation  a  pyrometer  that  has  worked  admi- 
rably. It  turns  off  the  gas  automatically;  a  platinum  rod  going  en- 
tirely through  the  muffle  and  being  attached  to  a  little  screw,  which 
is  regulated  in  the  morning  with  a  very  delicate  thread,  to  take  up 
any  error  of  the  previous  day,  and  set  the  pyrometer  at  a  given 
point  which  will  stand  for  one  day.  During  that  day  the  heat  of 
the  furnace  can  be  regulated  at  will;  and  the  next  morning  the  rod 
is  set  again  by  a  slight  variation  of  the  screw.  A  uniform  heat 
can  thus  be  held  for  the  day.  This  regulator  has  been  in  use  for 
several  years  at  the  assay  office,  and  it  has  worked  very  nicely.  It 
was  described  in  the  Engineering  and  Mining  Journal,  August  28, 
1886. 

H.  Van  F.  Furman,  Denver,  Colo. :  I  have  read  Dr.  Ledoux's 
paper  with  considerable  interest,  and  consider  his  suggestions  as  a 
step  in  the  right  direction.  I  shall  take  pleasure  in  becoming  one 
of  the  many  who  will  doubtless  volunteer  to  test  the  samples. 

Our  iron  and  steel  chemists  have  done  much  valuable  work 
towards  the  adoption  of  standard  methods  of  analysis,  using  the 
Transactions  as  a  medium  for  their  discussions.  It  would  appear 
that  considerable  benefit  might  result  if  our  gold  and  silver  assayers 
would  follow  in  their  footsteps.  As  I  have  pointed  out  in  my  paper 
on  "  Losses  of  Gold  and  Silver  in  the  Fire-Assay,"  presented  at  this 
meeting  (ante.  p.  735),  there  is  too  great  a  lack  of  uniformity  in  the 
methods  for  assaying  gold  and  silver.  Dr.  Ledoux  has  mentioned 
the  difference  in  methods  of  assaying  copper  products  as  adopted  in 
the  East  and  West.  The  same  is  true  in  different  sections  of  the 
country  as  regards  ore-assaying. 

On  the  Pacific  coast,  the  crucible-method  is  almost  universally  em 
ployed  for  both  gold  and  silver.  In  Colorado,  the  scorification- 
method  is  almost  universally  employed  for  the  determination  of 
silver,  while  both  methods  are  used  for  gold.  Of  late  the  crucible- 
method  has  come  largely  into  vogue,  and  with  good  reason.  Several 
years'  experience  in  the  West,  as  assayer  and  buyer  and  seller  of  ores 
and  metallurgical  products,  has  satisfied  me  that  there  is  no  dispo- 
sition in  this  country,  as  there  is  elsewhere,  according  to  Dr.  Ledoux, 
to  demand  either  high  or  low  assays.  What  is  required  is  an  assay 
which  represents  the  actual  amount  of  gold  and  silver  in  the  sample 
within  reasonably  close  commercial  limits. 

Lucius  Pitkin,  New  York  City  (communication  to  the  Secre- 
tary) :  The  question  considered  in  Dr.  Ledoux's  paper  is  one  of  much 
interest  and  importance,  not  only  as  affecting  assay-returns  in  gold- 
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and  silver-ores  proper,  but  also  in  that  important  group  of  copper- 
products  in  which  gold  or  silver,  or  both,  are  present. 

F.  P.  Dewey  has  published,  in  the  Journal  of  the  American 
Chemical  Society,  an  interesting  table  of  comparative  figures  as  be- 
tween "  commercial  assay  "  and  the  assay  corrected  by  the  appro- 
priate amount  for  slag-loss  and  cupel -absorption.  A  glance  at  these 
figures  (obtained  on  silver-ores  and  concentrates)  shows  the  wide  dif- 
ference in  values  resulting  from  such  a  correction. 

The  experience  of  my  own  laboratory,  in  copper-silver  products, 
bears  out  the  figures  already  adduced.  A  bar  of  copper,  carrying 
91.62  ounces  of  silver  by  "commercial  assay,"  was  raised  to  93.22 
ounces  by  correction  for  slag-  and  cupel-absorption.  Similarly,  a 
copper  matte  carrying  181.73  ounces  of  silver  by  "commercial  as- 
say," was  raised  to  183.77  ounces  by  the  corrections.  On  high- 
grade  material,  a  5500-ounce  concentrate  gave  a  slag-  and  cupel- 
recovery  of  103.20  ounces.  A  recovery  of  141  ounces  was  effected 
on  7500  ounces  of  material. 

In  view  of  such  figures,  which  themselves  do  not  take  into  account 
volatilization-losses,  it  is  certainly  proper  that  some  standard  agree- 
ment, as  to  what  the  "  commercial  assay  "  shall,  or  shall  not,  include, 
be  definitely  formulated.  Concurrence  among  those  to  whom  these 
interests  are  chiefly  confided,  is  becoming  daily  more  necessary  ;  and 
such  work  in  common,  as  may  be  necessary  to  establish  standard 
processes  and  conditions,  should,  and  probably  will,  be  heartily  en- 
gaged in. 

Charles  Kirchhoff,  New  York  City  (communication  to  the 
Secretary) :  The  following  appraiser's  decision,  just  published, 
emphasizes  the  importance  of  the  adoption  of  standard  methods  for 
determining  the  metallic  contents  of  ores  : 

"  Before  the  U.  S.  General  Appraisers,  at  New  York,  September  10,  1894. 

"In  the  matter  of  the  protest  22,454  6-3491,  of  F.  A.  Hartman,  against  the  de- 
cision of  the  collector  of  customs  at  San  Francisco,  as  to  the  rate  and  amount  of 
duties  chargeable  on  certain  silver-ore  containing  lead,  process  used  in  making  as- 
say, imported  per  St.  Paul,  December  20,  1893. — Opinion  by  Wilkinson,  General 
Appraiser. 

"The  merchandise  is  silver-ore  containing  lead.  It  was  assessed  with  duty  upon 
assays  made  by  the  'dry  process,'  and  is  claimed  to  be  dutiable  according  to  assay 
by  the  '  wet  process.' 

"The  decision  of  the  collector  appears  to  have  been  based  on  Synopsis  10,037. 
This  ruling,  as  well  as  that  in  G.  A.  1992,  related,  however,  to  the  ascertainment  of 
the  copper  content. 

"  The  common  commercial  and  correct  test  for  lead  is  by  the  '  wet  process,'  and 
we  sustain  the  claim  that  this  is  the  proper  mode  of  assay. 
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"  For  purposes  of  comparison,  the  appraiser  made  an  assay  by  the  wet  test,  show- 
ing 20.1."  and  19.8  lead,  respectively,  for  the  two  lots.  In  the  absence  of  evidence 
to  controvert  these  figures,  the  collector  is  instructed  to  use  them  as  a  basis  for  the 
reliquidation  of  the  entry." 

Tin's  official  declaration  that  the  "common  commercial  and  cor- 
rect test  for  lead  is  by  the  wet  process,"  will,  I  fancy,  prove  a  sur- 
prise to  American  assayers  generally.  I  have  been  laboring  all 
along  under  the  impression  that  the  fire-assay  was  the  commercial 
standard  for  lead. 

Dr.  Ledoux  :  With  regard  to  Dr.  Peters's  inquiry,  I  would  say 
that,  of  course,  a  pyrometer  could  hardly  be  applicable  in  a  furnace 
where  coal  or  coke  was  used  as  a  fuel,  as  it  would  be  impossible  to 
alter  the  temperature  quickly;  but  there  would  be  no  difficulty  at 
all,  in  connection  with  a  gas-furnace,  in  having  the  gas  turned  on 
or  off  automatically  according  as  the  temperature  fell  below  or  rose 
above  a  certain  point.  Even  then,  however,  the  assayer  having 
more  than  one  cupel  in  the  furnace  would  find  a  different  tempera- 
ture at  the  mouth  of  the  muffle  from  that  existing  further  back. 

With  regard  to  the  samples  to  be  distributed  for  the  comparison 
that  I  have  proposed,  I  may  say  that  so  far  as  the  mattes  are  con- 
cerned, I  do  not  think  any  assayer  need  fear  that  there  will  be  any 
variation  among  them,  because  they  can  be  ground  very  fine  and 
intimately  mixed.  But  when  it  comes  to  bar-copper,  carrying  large 
amounts  of  gold  and  silver,  there  is  not  only  great  variation  among 
the  pigs  and  in  the  individual  borings,  but  among  the  different 
parts  of  the  same  pig.  Dr.  Torrey  knows  how  difficult  such  samp- 
ling is  in  his  experience,  and  I  must  say  that  it  is  almost  enough  to 
make  a  man  turn  gray  when  a  buyer,  in  Europe,  accepts  100  tons 
of  gold  and  silver-bearing  bars  in  New  York  and  puts  himself  ab- 
solutely in  the  hands  of  the  American  assayer,  and  the  seller  in  the 
West  does  the  same  thing,  and  the  assayer  finds  that  he  gets  differ- 
ent results  by  boring  in  different  parts  of  the  same  bar.  Assayers 
have  arrived  at  a  certain  agreement  as  to  where  the  samples  shall  be 
bored,  so  as  to  get  a  fair  average  of  the  silver  contained  in  lead  bul- 
lion, but  there  is  no  such  rule  with  regard  to  similar  copper  bars. 
Sometimes  it  is  difficult  to  take  fair  samples  by  dipping.  Of  course, 
you  can  get  from  a  molten  mass,  well-stirred  or  in  action,  a  fair 
average  sample  by  having  a  certain  number  of  dipped  samples  ; 
but,  unfortunately,  dipped  samples  often  run  too  high,  and  the  assay 
shows  more  gold  and  silver  than  the  refiner  can  get  out  of  the  ma- 
terial.    One  reason   for  this   is  the  fact  that  when  we  dip  into  the 
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molten  mass  and  fill  the  ladle  full,  the  material  carrying  the  dross 
runs  over  the  sides,  and  the  result  is  that  we  are  getting  a  cleaner 
metal  for  our  assay  than  the  product  will  give  when  it  is  bored.  I 
have  found  a  difference  of  two  per  cent,  between  the  dipped  sample 
and  the  be^t  drilled  samples.  In  the  preparation  of  these  drilled 
samples  which  Dr.  Raymond  will  send  out,  we  shall  bore  them  as 
small  as  possible  and  mix  them  as  well  as  possible,  but  even  then 
there  will  probably  be  certain  variations. 

I  want  to  add  one  more  word,  and  that  is,  that  I  hope  not  only 
the  assayers,  but  also  those  who  employ  them,  will  take  an 
interest  in  this  matter.  I  recall  an  incident  in  my  early  experience 
which  will  show  how  necessary  it  is  for  public  assayers  to  have  the 
hearty  co-operation  of  their  employers.  We  were  representing 
some  parties  selling  very  rich  silver  ore  to  a  certain  smelter,  and  we 
sampled  the  material  jointly  with  the  smelter  and  assayed  it,  but  in 
no  instance  did  we  get  as  much  within  five  ounces  per  ton  as  the 
smelter  himself  returned,  although  we  used  every  precaution.  I 
was  exceedingly  annoyed  about  it  and  very  much  worried.  One 
day,  while  I  was  talking  to  the  smelter,  he  said,  in  a  burst  of  confi- 
dence :  "  You  need  not  be  worried  about  that  at  all.  I  will  tell  you 
in  confidence,  that  we  add  five  ounces  of  silver  to  the  assay  because 
we  do  not  like  to  have  you  public  assayers  coming  into  our  works 
and  bothering  us,  and  therefore  we  add  five  ounces  of  silver  to  the 
assay.  We  are  getting  from  $20  to  $30  a  ton  for  refining  this  ma- 
terial, and  can  very  well  afford  to  pay  for  four  or  five  ounces  of  silver 
extra  rather  than  encourage  the  representatives  of  the  shippers  to 
come  loafing  around  our  works."  Of  course,  this  statement  being 
given  to  me  in  confidence,  I  could  not  report  what  the  trouble  was, 
and  I  could  not  conscientiously  add  five  ounces  of  silver  to  my 
assay  report  so  as  to  equal  the  smelter's  assay  ;  and  the  result  was  we 
lost  a  job. 
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Eemarks  upon  the  Presidential  Address  of  Mr.  Fritz.     (See  p.  594.) 
(Bridgeport  Meeting,  October,  1894.) 

E.  C.  Pechin,  Cleveland,  O. :  Will  you  indulge  me  a  moment, 
Mr.  President,  to  narrate  an  incident  which  is  recalled  by  your  ad- 
mirable address? 
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For  many  years  Mr.  Hughes  Oliphant  operated  a  small  charcoal- 
furnace  and  mill  at  what  is  now  Fairchance,  in  Fayette  county,  Pa., 
at  the  foot  of  the  Allegheny  mountains. 

He  told  me  that  early  in  the  century  he  ran  for  eighteen  months, 
and  in  that  time  saw  only  $10  in  money.  I  said  to  him  :  "  How 
under  heaven  did  you  manage?"  He  replied :  "  We  made  our  iron 
into  nails,  rods,  and  kettles;  hauled  them  12  miles  over  to  Browns- 
ville on  the  Monongahela  river;  loaded  them  into  flat-boats;  and 
floated  them  down  the  Ohio,  swapping  our  wares  for  whiskey  and 
rum.  At  New  Orleans  we  exchanged  these  for  sugar  and  molasses, 
which  we  sent  by  sea  to  Baltimore,  and  there  we  swapped  again  for 
groceries  and  dry  goods,  which  we  hauled  in  Conestoga  wagons  over 
the  mountains,  300  miles,  to  our  furnace." 

In  these  days  this  would  appear  to  be  making  iron  under  difficul- 
ties. It  is  a  noteworthy  fact  that  in  those  good  times  there  was 
"free  and  unlimited  "  coinage  of  silver  dollars. 
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Discussion  of  the  Paper  of  Dr.  Waldo.     (See  p.  525.) 
(Virginia  Beach  Meeting,  February,  1S94.) 

President  Howe  :  It  is  not  so  clear  to  me  that  the  facts  which 
Dr.  Waldo  brings  forward  really  argue  that  the  nature  of  the  com- 
bination between  copper  and  aluminum  differs  from  that  of  the  com- 
bination between  copper  and  zinc  or  copper  and  tin. 

As  regards  electric  conductivity,  I  suppose  that  the  fact,  which 
he  thinks  points  to  a  special  intimate  kind  of  union  between  alu- 
minum and  copper,  is  that  the  line  in  his  Fig.  1  is  neither  straight 
nor  uniformly  curved,  but  that  its  curvature  varies  rapidly,  not  to 
say  abruptly.  But  we  find  just  such  variation  in  like  curves  for 
the  copper-zinc  and  copper-tin  alloys.  Thus,  a  slight  addition  of 
zinc  or  tin  to  copper  causes  a  change  in  color  wholly  out  of  propor- 
tion to  the  quantity  added  ;  and,  as  we  add  zinc  or  tin  to  copper, 
the  tenacity  rises  very  greatly,  only  to  fall  off  abruptly  with  further 
additions  of  either  of  these  metals. 

Dr.  Waldo:  My  curve  related  only  to  electrical  conductivity. 

The  President:  If  irregularity  in  one  physical  property  argues 
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chemical  combination,  why,  one  would  think  that  irregularities  in 
other  properties  would  argue  in  the  same  direction.* 

The  evolution  of  heat  which  Dr.  Waldo  mentions  is  striking  ;  but 
I  think  that  we  should  be  cautious  in  basing  on  this  fact  the  conclu- 
sion that  there  is  a  difference  in  the  nature  of  combination  until 
careful  experiments  have  shown  whether  heat  is  or  is  not  evolved 
when  tin  or  zinc  is  added  to  copper.  Much  heat  might  well  be 
evolved  without  attracting  attention. 

Finally,  as  regards  the  homogeneousness  of  copper  when  alloyed 
with  but  little  aluminum,  can  Dr.  Waldo  fill  out  his  argument  by 
showing  that  segregation  necessarily  occurs  in  the  alloys  of  copper 
with  only  a  little  zinc  or  tin  ? 

I  raise  these  points  because,  while  I  cannot  pretend  to  anything 
comparable  with  the  familiarity  with  the  subject  which  Dr.  Waldo 
has,  yet,  looking  at  it  in  a  general  way,  I  thought  that  I  saw  a  very 
strong  family  likeness  between  aluminum  bronze  and  the  brasses 
and  true  bronzes. 

I  fear  that  the  steel  people  have  hardly  yet  agreed  as  to  the  nature 
of  steel.  Many  of  us  have  been  studying  the  question,  and  for 
many  years.  There  is  still  much  that  no  man  can  explain.  Our 
acknowledged  ignorance,  in  spite  of  all  the  work  that  has  been  done, 
will,  I  hope,  be  a  warning  to  those  who  are  developing  the  very 
promising  alloy  which  Dr.  Waldo  here  treats  to  use  great  caution  in 
making  assertions  as  to  its  chemical  nature.  The  whole  subject  of 
the  nature  of  alloys  is  a  difficult  one,  in  which  it  is  easier  to  assert 
than  to  know. 

Turning  to  the  use  of  aluminum-bronze,  I  see  some  fields  where 
it  could  be  extremely  valuable.  Its  resistance  to  corrosion  has,  of 
course,  the  greatest  value.  In  its  combination  of  ductility  with  ten- 
sile strength,  it  seems,  in  certain  instances,  to  rival  the  better  quali- 
ties of  steel ;  that  is,  there  are  cases  in  which  the  combination  of 
ductility  and  tensile  strength  of  aluminum-bronze  is  as  good  as  that 
of  very  excellent  steel.  On  the  other  hand,  it  has  one  peculiarity 
which  should  give  it  a  value  in  one  direction  and  should  limit  its 
applicability  in  another  direction.     Namely,  so  far  as  I   have  seen, 

*  Later  Communication  to  the  Secretary. — On  refreshing  my  memory,  I 
find  that,  as  we  add  tin  to  copper,  the  electric  conductivity  falls  off'  in  the  same 
ahrnpt  way  that  Dr.  Waldo  shows  in  Fig.  1  for  the  copper-aluminum  alloys.  The 
change  of  curvature  may  be  less  abrupt  in  the  former  than  in  the  latter,  but  the 
curves  do  not  seem  to  differ  in  their  general  shape  in  such  a  way  as  to  argue  any 
difference  in  kind  between  the  combinations  which  underlie  them. — II.  M.  H. 
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the  modulus  of  elasticity  is  very  low — about  15,000,000  pounds,  if 
my  memory  serves  me  right;  whereas,  that  of  steel  and  iron  lies 
between  27,000,000  and  30,000,000— about  double.  Later  experi- 
ments may  show  some  way  of  getting  a  higher  modulus  for  the  alu- 
minum-bronze. 

Dr.  Waldo:  All  that  the  President  says  is  very  interesting. 
With  regard  to  the  tin-copper  alloys,  I  do  not  suppose  there  is  much 
doubt  that  they  involve  a  chemical  combination  up  to  1  or  2  per 
cent,  of  tin.  Beyond  that,  it  is  a  mechanical  mixture.  With  regard 
to  zinc  also,  there  is  probably  a  chemical  combination  up  to  a  cer- 
tain small  proportion. 

As  respects  the  evolution  of  heat  when  the  constituent  metals  are 
fused  together,  the  phenomenon  is  far  more  strongly  marked  in  the 
case  of  aluminum-bronze  than  in  that  of  any  of  the  other  white- 
metal  alloys,  and  indicates  a  much  greater  amount  and  intensity  of 
chemical  action. 

Segregation,  of  course,  may  not  occur  in  the  tin-  or  zinc-alloys; 
but  the  fact  that  it  does  occasionally  occur  indicates  the  mechanical 
nature  of  the  union  for  the  larger  part  of  the  metal  concerned.  In 
aluminum-bronze  there  is  no  segregation. 

The  difficulty  with  the  whole  set  of  curves  of  electrical  conduc- 
tivity for  all  alloys  is,  that  this  property  is  much  affected  by  the 
presence  of  impurities  which  ordinary  analyses  do  not  reveal.  An 
impurity  sufficient  to  stain  the  metal  to  the  electrical  vibration  might 
not  be  shown  even  by  a  precision-analysis. 

I  do  not  think  the  modulus  of  elasticity  has  been  determined  for 
the  true  aluminum-bronze,  AlCu4.  The  nomenclature  has  been  so 
vague  that  any  aluminum-copper  alloy  has  received  that  name,  and 
the  reported  results  of  physical  tests  are  consequently  worthless 
without  analyses  of  the  particular  material  tested.  Both  hardness 
and  elastic  limit  can  be  greatly  varied  by  comparatively  small  varia- 
tions in  the  percentage  of  aluminum.  Without  being  able,  as  yet, 
to  formulate  any  law  in  connection  with  these  proportions,  we  have 
obtained  some  remarkable  results  in  our  experiments.  For  instance, 
we  furnished  to  the  government  a  sample  firing-pin  for  the  Spring- 
field rifle.  The  life  of  an  ordinary  firing-pin  was  11,000  to  13,000 
blows  struck  upon  the  pin  by  the  hammer  of  the  gun.  Our  pin  was 
tested  up  to  127,000  blows,  and  was  then  taken  out  in  apparently  the 
same  condition  as  when  it  was  introduced  into  the  breech-mech- 
anism. In  that  case,  the  aluminum-bronze  employed  had  a  high 
elastic  limit,  and  was  so  hard  that  it  could  be  with  difficulty  faced 


ALUMINUM-BRONZE.  881 

by  filing.  It  is  possible,  by  carrying  the  proportion  of  aluminum  a 
little  beyond  that  of  the  formula  AlCu4,  to  make  a  bronze  of  any 
requisite  hardness,  up  to  that  of  hard  steel. 

I  have  been  asked,  with  regard  to  such  articles  as  the  souvenir 
spoons  of  aluminum-bronze,  presented  to  members  at  this  meeting, 
whether  they  are  absolutely  non-corrodible.  Of  course,  that  cannot 
be  claimed  for  any  metal  or  metallic  alloy  as  against  the  action  of 
strong  mineral  acids.  As  regarcls  atmospheric  ageneies  and  the 
organic  acids  contained  in  fruit  and  other  foods,  I  have  found  these 
spoons,  which  I  have  used  for  several  years  in  my  own  house,  to  be 
unaffected,  remaining  uniformly  bright.  But  what  I  have  said  con- 
cerning the  effect  of  very  slight  variations  in  the  proportion  of  alu- 
minum upon  the  physical  qualities  of  the  metal,  seems  to  be  true 
also  concerning  the  matter  of  tarnishing.  I  have  observed  that 
while  my  spoons  have  not  tarnished,  some  of  those  manufactured 
from  other  casts  of  metal  change  color  slightly  by  simply  lying  un- 
used. This  tarnish,  however,  is  removed  at  once  by  simple  rubbing, 
and  is  in  no  way  more  significant  than  the  tarnish  which  silver-ware 
assumes. 

No  doubt  the  effect  is  due  in  both  cases  to  the  action  of  the  sul- 
phuretted hydrogen  and  sulphurous  acid  present  in  the  atmosphere 
of  our  dwellings,  especially  where  coal  is  burned  as  fuel  or  coal-gas 
is  used  for  illumination.  It  seems  that  even  this  small  degree  of 
sensitiveness  to  atmospheric  influences  may  be  removed  by  absolute 
precision  in  the  proportions  of  the  combination.  But  it  would  be 
extremely  difficult  to  bring  the  manufacture  to  such  perfection  as  to 
guarantee  that  precision ;  and  it  is  therefore  probable  that  if  spoons 
of  aluminum-bronze  come  into  general  use,  people  will  have  to  clean 
them  just  as  they  do  silver  or  silver-plate. 

The  difficulty  of  securing  absolute  precision  of  proportions  affects 
us  in  the  production  of  much  more  important  articles  than  spoons. 
The  purity  of  both  the  aluminum  and  the  copper  is,  as  I  have  ob- 
served in  my  paper,  of  the  utmost  consequence.  For  aluminum, 
the  highest  percentage  of  purity  that  we  have  been  able  to  reach 
commercially  is  99.5  per  cent.  No  doubt  my  friend  Mr.  Hunt  may 
claim  as  high  as  99.8.  The  difference  is  a  reasonable  discrepancy, 
depending  upon  the  method  of  analysis.  But  fractional  percentages 
of  foreign  admixtures  may  have  great  influence  upon  physical  quali- 
ties in  aluminum-bronze  as  well  as  in  steel. 

This  is  specially   true,  as  I  have   already  observed,    of  electrical 
conductivity.     If  a  single  drop  of  black  ink  be  put  into  a  gallon  of 
vol.  xxiv.— 56 
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distilled  water,  the  percentage  of  impurity  thus  added  is  very  small ; 
but  the  effect  upon  the  electrical  properties  of  the  gallon  of  water  is 
relatively  very  great.  I  ventured  the  statement  before  the  Institute 
of  Electrical  Engineers  that  there  is,  as  yet,  no  evidence  that  the 
electrical  conductivity  of  pure  aluminum  is  not  as  great,  bulk  for 
bulk,  as  that  of  copper. 

J.  C.  Pjlatt,  Waterford,  N.  Y. :  I  had  occasion,  a  few  years  ago, 
to  look  into  the  question  of  the  '*  Delta  metal,"  with  reference  to  its 
possible  introduction  into  the  United  States;  but  I  found,  after 
some  inquiries,  that  the  "  Tobin  bronze,"  made  in  Connecticut, 
seemed  to  be  so  nearly  like  the  Delta  that  it  was  not  worth  while  to 
enter  into  a  commercial  competition,  with  possible  ruinous  conse- 
quences to  the  manufacturers  of  both.  I  found  the  literature  of  the 
subject  both  meager  and  unsatisfactory.  The  statements  made  con- 
cerning these  alloys  were  generally  brief  and  sweeping,  but  not 
backed  up  by  any  careful  investigations.  I  hope  that  Dr.  Waldo 
will  be  able  to  tell  us  wherein  the  aluminum-bronze,  in  its  different 
proportions,  is  superior  to  these  cheaper  alloys.  Notwithstanding 
the  recent  reduction  in  the  price  of  aluminum,  it  is  still  much 
dearer  than  iron,  the  alloy  of  which,  with  copper,  appears  to  be  the 
secret  of  the  strength  of  the  Tobin  bronze. 

A.  E.  Hunt,  Pittsburgh,  Pa. :  Upon  the  question  of  Mr.  Piatt, 
concerning  the  relative  advantages  of  Delta  metal  and  aluminum- 
bronze,  perhaps  a  side-light  may  be  thrown  by  the  fact  that  the 
Delta  Metal  Company  of  France  has  purchased  the  Hall  aluminum- 
patent  for  that  country,  with  the  idea  of  making  aluminum-bronze, 
to  replace,  in  whole  or  in  part,  their  Delta  metal.  It  is  fair  to  sup- 
pose that  for  some  purposes  and  in  some  particulars,  at  least,  they 
consider  the  aluminum-bronze  to  be  superior.  Otherwise,  they  could 
scarcely,  in  view  of  its  somewhat  higher  cost,  either  fear  it  as  a  com- 
petitor, or  attempt  to  introduce  it  as  a  substitute,  for  their  present 
product. 

To  my  mind,  the  advantage  of  aluminurn-bronze  over  any  other 
metal  or  metallic  compound  lies  in  its  combination  of  adequate 
strength  with  exceptional  incorrodibility.  The  preference  of  the 
government  engineers  for  the  aluminum-bronze  bolts  exhibited  here 
by  Dr.  Waldo  is  not  due  to  the  belief  that  they  would  be  better 
than  steel  bolts  at  the  beginning,  but  to  the  fact  that  the  latter 
would  be  liable  to  corrosion  under  the  conditions  of  use,  while 
the. former  would  be  comparatively  unaffected  after  the  lapse  of 
years. 
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Dr.  Waldo:  There  seems  to  be  an  under-current  of  feeling  that 
there  is  a  relationship  between  aluminum-bronze  and  the  alloys  of 
copper  with  other  metals.  All  I  can  say  is,  that  if  they  are  rela- 
tions, they  are  "poor  relations,"  and  not  to  be  recognized  in  the 
aristocracy  of  the  aluminum-bronzes.  The  employment  of  manga- 
nese, iron,  etc.,  for  such  alloys  gives,  in  my  judgment,  a  treacherous 
and  non-homogeneous  product  as  compared  with  aluminum-bronze. 
I  do  not  recognize  the  Tobin  bronze,  or  metallic  compounds  of  that 
class,  as  belonging  in  the  same  category  with  aluminum-bronze.  As 
I  said  to  the  Secretary,  when  I  offered  my  paper  to  the  Institute, 
the  manufacture  of  aluminum-bronze  is  still  in  its  infancy,  and  I 
can  present  concerning  it  nothing  more  than  a  preliminary  report  of 
progress.  Nevertheless  I  believe,  and  have  attempted  to  show  in 
my  paper,  that  we  have  to  deal,  in  this  manufacture,  with  a  product 
differing  in  kind  from  the  ordinary  alloys  of  copper,  and  presenting 
closer  analogies  with  steel  than,  for  instance,  with  brasses  or 
bronzes.  The  great  effects  produced  by  minute  variations  of  pro- 
portion in  the  constituents,  and  by  minute  proportions  of  foreign  in- 
gredients, are  among  these  analogies. 

In  this  connection,  lest  a  previous  remark  should  be  misunder- 
stood, I  wish  to  pay  a  high,  but  deserved,  tribute  to  the  progress 
made  by  the  Pittsburgh  Reduction  Company  in  the  commercial  pro- 
duction of  pure  aluminum.  The  managers  and  experts  of  that  com- 
pany were  quick  to  tee  the  relation  between  the  purity  of  their  metal 
and  its  successful  employment  in  the  arts;  and  I  know  of  no  case 
in  metallurgical  history  where  improvement  in  the  quality  of  the 
metal  produced  has  been  so  rapid  and  satisfactory. 
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PTRRHOTITE  DEPOSITS  AT  ANTHONY'S  NOSE 

ON  1HE  HUDSON. 

Discussion  of  the  Paper  of  Prof.  Kemp.     (See  p.  620.) 

(Bridgeport  Meeting,  October,  1894.) 

E.  E.  Olcott,  Xew  York  City:  Prof.  Kemp's  valuable  descrip- 
tion of  the  Lancaster  Gap  mine  is  in  line  with  many  other  able 
contributions  on  the  origin  of  mineral  deposits  that  the  Institute 
has  lately  brought  forward.     The  splendid  contribution  that  Prof. 
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Posepny  gave  us  last  year,  coupled  with  the  discussion  that  it  has 
elicited,  adds  much  to  the  literature  on  the  subject,  and  should  have 
an  important  bearing  even  on  economic  mining  considerations. 

It  is  a  trite  saying  that  "a  mining  engineer  cannot  see  further 
into  the  ground  than  anybody  else;"  yet  though,  physically  speak- 
ing, this  is  correct,  we  certainly  must  make  the  result  of  geological 
research  help  our  judgment  in  opening  up  mineral  deposits.  If  our 
professional  opinions  are  to  be  based  only  on  the  actual  ore  that  is 
in  sight,  they  become  of  little  value.  Although  it  would  be  mani- 
festly imprudent  to  count  positively  on  ore  not  uncovered,  we  must 
make  the  knowledge  of  similar  formations  and  the  results  of  obser- 
vation stand  us  in  good  stead. 

The  valuable  opinions  and  generalizations  given  by  Prof.  Kemp 
regarding  the  Lancaster  Gap  and  the  Anthony's  Nose  mines  will 
help  others  in  the  field  in  further  observations,  aud  in  collecting 
additional  information. 

While  it  is  somewhat  startling  to  have  the  immediate  successor  of 
Prof.  Newberry  ascribe  an  igneous  origin  to  even  some  of  the  pyrit- 
ous  deposits,  we  cannot  but  see  some  weight  in  the  arguments  ad- 
duced. Certainly  the  writings  of  Prof.  Vogt,  referred  to  by  Prof. 
Kemp,  as  well  as  his  notes  on  the  pyrites  deposits  of  Norway  and 
Germany,  published  in  the  Zeitschrift  fur  Praktische  Geologie  for 
February,  April,  and  May  of  this  year,  deserve  most  respectful  con- 
sideration. Some  of  the  types  described  seem  to  have  exemplifica- 
tions in  this  country;  but  though  I  firmly  believe  that  igneous  in- 
trusions, in  the  neighborhood  of  mineral  deposits,  have  had  a  most 
important  influence  in  their  formation,  I  believe  that  their  agency 
has  usually  been  exerted  through  gaseous  or  aqueous  action,  rather 
than  by  what  Prof.  Kemp  calls  magmatic  differentiation.  Not 
having  examined  the  Lancaster  Gap  mine,  I  do  not  wish  to  express 
positive  opinions;  but,  judging  from  Prof.  Kemp's  description,  it 
seems  strange  that  the  enriched  nickeliferous  ore  is  only  at  certain 
places  on  the  walls,  and  especially  that  the  ore  decreased  in  richness 
as  depth  was  obtained,  while  the  converse  would  seem  probable  under 
the  magma-theory. 

I  cannot  see  how  a  fused  mass,  even  though  it  might  have  been 
as  fluid  as  water,  could  have  remained  in  this  state  long  enough  to 
permit  the  segregation  of  the  molten  sulphides  from  the  associated 
basic  igneous  rock.  I  look  upon  the  changes  in  mineral  deposits  as 
much  more  gradual  than  this  theory  would  seem  to  imply,  and  I 
believe  with   Emmons   and    Posepny  rather  in  aqueous  deposition 
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and  secondary  concentration  even  as  an  explanation  of  large  sulphide 
deposits. 

The  important  bearing  of  the  generalization,  deduced  by  Prof. 
Kemp  and  Prof.  Vogt,  that  the  basic  igneous  rocks  are  favorable  to 
nickeliferous  pyrrhotite,  while  acidic  gneisses  are  unfavorable,  should, 
I  think,  be  emphasized. 

Prof.  Kemp,  after  illustrating  a  case  of  basic  igneous  gangue- 
rock,  describes  the  Anthony's  Nose  mine  as  a  lenticular  mass  lying 
in  acidic  gneiss,  calling  attention  to  the  fact  that  it  has  not  yielded 
paying  percentages  of  nickel.  Vogt  makes  a  similar  comparison, 
and  says  (paragraph  d,  page  180,  Zeitschrift  fur  Praktisohe  Geologie, 
1894): 

"  It  has  been  shown  above  that  the  Norwegian  pyrite  deposits,  from  Vigsniis  59J° 
to  Sulitelma  67}°  North  latitude,  lie  in  immediate  connection  with  a  certain  basic 
rock  (saussurite-gabbro)  containing  45  to  50  per  cent,  of  silica,  while  at  Rammels- 
berg,  as  well  as  in  the  Hnelva  district,  it  may  be  questionable  whether  the  country- 
rock  has  been  only  moderately  basic  or  slightly  acid. 

"Perhaps    the    ores    originated    by  pnenmatolytic    (or    pneumatohvdatogenic) 

process  in  Norway  from  a  basic,  and  in  Spain  from  an  acid  eruptive  magma 

On  the  one  side,  therefore,  we  find  represented  pyrite-deposits  connected  with  gab- 
bro;  on  the  other,  copper-ore  deposits  connected  with  granite." 

The  cross-section  of  the  Lancaster  Gap  mine  is  not  unlike  the 
cross-section  of  the  Shaw  gold-mine  in  Eldorado  county,  Cal.,  a 
sketch  of  which,  by  Mr.  Leo  von  Rosenberg,  is  shown  in  the  ac- 
companying figure.  This  Shaw  ore-body  is  apparently  a  dike, 
enriched  along  its  contact  with  the  slate  country-rock. 

Dr.  H.  W.  Turner,  of  the  United  States  Geological  Survey,  who 
examined  the  rock-specimens  of  the  Shaw  mine,  says  : 

"The  ore-bearing  lode  represented  by  the  white  and  greenish-gray  rock  appears 
to  have  been  introduced  as  a  dike  into  the  clay  slates.  The  rock  of  this  dike  is 
composed  of  plagioclase  feldspars,  and  would  be  called  a  porphyry  by  most  miners. 
Originally,  it  may  have  been  a  soda-lime  feldspar." 

Such  a  soda-lime  feldspar  would  be  a  basic  igneous  rock. 

This  mine  has  produced  pay-ore  on  each  wall  for  a  thickness  of 
from  7  to  12  feet.  The  Shaw  dike  is  continuous  for  2  miles  with  a 
thickness  of  from  100  to  150  feet;  but,  outside  of  the  hanging-  and 
foot-wall  streaks  just  mentioned,  it  has  not  been  found  remunera- 
tive up  to  the  present  time,  though  the  whole  mass  carries  some 
gold. 

Local  enrichments  of  parts  of  copper-veins  have  often  been  com- 
mented on.     An  instance  is  recalled  in  the  case  of  the  Ore  Knob 


886 


THE    NICKEL    MINE    AT    LANCASTER   GAP,    PA. 


copper-mine  of  North  Carolina,  where,  after  passing  through  the 
gossan,  oxidized  ore  containing  much  beautiful  red  oxide  (cuprite) 
and  assaying  16  per  cent,  in  copper  was  common,  while  in  depth 
the  undecomposed  pyritous  ore  never  yielded  more  than  4  per  cent, 
of  copper. 

Both  of  these  examples  certainly  show  the  results  of  circulating 
water;  and  they  are  mentioned  merely  to  raise  the  question  whether 
the  Lancaster  Gap  mine  may  not  have  been  another  instance  of  the 
same  kind. 

R.  W.  Raymond,  New  York  City:  Prof.  Kemp's  description  of 
the  mine  at  Anthony's  Nose  has  specially  interested  me,  because  I 
had  occasion  nearly  thirty  years  ago,  as  a  member  of  the  firm  of 
Adelberg  and  Raymond,  to  examine  that  deposit,  to  assist  in  certain 
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experiments  performed  upon  the  ore  and  to  join  in  the  ail  vice 
given  to  the  Hudson  River  Copper  Company,  which  then  owned 
the  property. 

The  experiments  to  which  I  refer  consisted  in  the  "kernel- 
roasting"  of  a  considerable  quantity  of  the  ore  (which  was  pyrrho- 
tite,  with  very  small  percentages  of  copper  and  nickel)  with  the 
view  of  ascertaining  whether  the  copper  and  nickel  could  be  suffi- 
ciently concentrated  in  the  "kernels"  resulting  from  such    roasting 
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to  be  made  commercially  available.  As  I  recollect  the  matter,  some 
degree  of  concentration  was  effected;  but  the  product  was  not 
valuable  enough  to  be  profitably  treated,  particularly  in  view  of  the 
circumstance  that  the  sulphur  burned  in  the  heap-roasting  went 
to  waste. 

My  partner,  Dr.  Justus  Adelberg,  was  a  thorough  and  brilliant 
technological  chemist,  and  had  been  in  charge  of  large  chemical 
works  in  England.  It  was  his  constant  hope  to  establish  in  the 
United  States  those  great  technical  industries,  the  basis  of  which 
would  be  furnished  by  the  domestic  production  of  cheap  sulphuric 
acid. 

At  that  time  all  the  sulphuric  acid  produced  here  was  made  from 
Sicilian  sulphur,  and  he  saw  in  this  extensive  deposit  of  pyrrhotite 
the  source  of  a  raw  material  which  might  take  the  place  of  the  im- 
ported article.  Under  his  advice,  the  attempt  was  made  to  intro- 
duce this  material,  in  the  hope  that  its  residual  value  for  copper  and 
nickel,  added  to  its  original  value  as  a  sulphur-ore,  might  give  it  a 
commercial  footing.  I  do  not  remember  the  exact  history  of  the 
enterprise;  but  I  presume  it  was  a  failure.  American  manufac- 
turers of  sulphuric  acid  were  not  prepared  to  utilize  the  possible 
value  of  the  residuum  of  roasting  and  were  not  tempted  to  abandon 
the  use  of  native  sulphur.  Shipments  were  made  to  England  ;  but 
no  doubt  the  river  and  ocean  freights  consumed  the  margin  of  profit. 
A  small  experimental  furnace  on  Staten  Island  made  some  sulphuric 
acid  from  the  ore,  and,  finally,  the  chemical  works  on  the  Hudson, 
to  which  Prof.  Kemp  has  alluded,  employed  it  for  a  considerable 
period.  I  need  hardly  say  that  pyrrhotite  is  inferior  to  pyritd  as  a 
commercial  source  of  sulphuric  acid,  and  that  the  extensive  manu- 
facture which  now  exists  employs,  in  the  main,  better  materials  than 
that  of  the  mine  at  Anthony's  Nose.  It  was,  in  fact,  the  hone  that 
the  mine  would  grow,  in  depth,  richer  in  copper  (if  not  also  in 
nickel),  which  led  to  the  attempt  to  make  it  pay,  as  a  sulphur-mine, 
the  expense  of  further  development. 

The  success  and  fame  of  the  mine  at  Lancaster  Gap  undoubtedly 
stimulated  this  hope  as  to  nickel,  and  the  developments  in  the 
Ducktown  mines  of  Tennessee  encouraged  a  similar  expectation  as 
to  copper.  It  was  supposed  that  a  general  analogy  subsisted 
among  all  the  lenticular  deposits  of  pyrrhotite  in  crystalline  rocks, 
and  that,  while  only  a  few  of  them  might  prove  valuable  for  mining, 
there  was  a  chance  that  any  one  of  them  might  be  among  that  few. 
Such  a  distinction  as  Prof.  Kemp  has  indicated  in  the  character  of 
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the  country-rock  was  either  not  recognized  or  not  deemed  to  have 
an  economical  significance.  I  regard  his  generalization  on  that 
head  as  a  contribution  of  the  highest  value  to  mining  geology. 
And  it  will  be  equally  valuable,  whether  his  theory  be  or  be  not 
accepted — Le,  whether  the  difference  in  the  country-rock,  which  he 
shows  to  exist  between  the  two  classes  of  pyrrhotite-deposits,  be  or 
be  not  accompanied  with  a  radical  difference  in  the  mode  of  their 
formation.  I  cannot  say  that  I  am  entirely  prepared  to  accept  the 
notion  of  a  concentration  from  the  fused  magmas  for  the  case  of  the 
deposits  in  or  adjoining  basic  eruptives ;  but  it  must  be  confessed 
that  Prof.  Kemp  has  made  a  strong  presentation  of  it,  and  is  sup- 
ported with  important  analogies  and  parallels  by  the  work  of  Vogt 
in  the  Scandinavian  peninsula. 

Prof.  Kemp:  Mr.  Olcott  and  Dr.  Raymond  have  correctly  ap- 
preciated, as  the  essential  point  urged  in  my  paper,  the  contrasted 
geological  associations  of  the  profitable  and  unprofitable  deposits  of 
nickel-ores.  The  mode  of  their  origin  is  of  secondary  importance. 
Nevertheless,  the  facts  adduced  in  the  paper  have  a  bearing  upon 
that  question,  and  do  not  stand  alone,  in  tending  to  show  that  the 
widespread  prejudice,  heretofore  existing  among  American  geologists, 
against  the  notion  that  igneous  rocks  may  be  the  direct  sources  of 
economically  valuable  ores,  is  not  in  all  cases  warranted.  With  re- 
gard to  the  few  ores  specially  associated  with  such  rocks  (namely,  ti- 
taniferous  magnetite,  chromite  and  nickeliferons  pyrrhotite  with 
chalcopvrite)  the  practically  unbroken  series  of  known  occurrences, 
from  metallic  meteorites  to  igneous  rocks  with  basic  segregations,  is 
striking  and  significant,  even  though  the  chemistry  of  fused  and 
cooling  magmas  be  not  fully  understood. 

In  my  paper  I  omitted  from  the  list  of  authors  referred  to 
(ante,  p.  G30),  the  name  of  Mr.  W.  H.  Merritt,  of  Toronto,  Canada, 
who,  in  the  discussion  of  Mr.  Emmons's  paper  on  the  "Geological 
Distribution  of  the  Useful  Metals  in  the  United  States"  (ante,  p. 
755),  while  admitting  that  magmatic  concentration  is  not  an  un- 
reasonable hypothesis  for  some  of  the  ore -bodies,  cites  evidences  of 
the  secondary  origin  of  others,  especially  those  rich  in  copper. 

To  the  last  foot-note  on  page  629,  I  wish  to  add  a  reference  to 
the  paper  of  Alfred  Harker,  "Carrock  Fell,  a  Study  in  the  Variation 
of  Igneous  Rock-Masses,"  Quart.  Jour.  Geo!.  Soc,  1894,  p.  311,  and 
especially  p.  326. 
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Discussion  of  the  Paper  of  Mr.  Firmstone.     (See  p.  493.) 

(Bridgeport  Meeting,  October,  1894). 

E.  K.  Landis,  Philadelphia,  Pa.  (communication  to  the  Secre- 
tary):  Mr.  Firmstone's  paper  is  of  great  interest;  but  he  has  unfor- 
tunately omitted  to  state  the  most  important  point,  viz.,  the  per- 
centage of  sulphur  in  the  two  materials  he  compares;  and  this  omis- 
sion vitiates  the  conclusions  which  he  draws. 

Comparing  by  grade,  instead  of  silicon-contents  (as  in  his  Table 
III.),  the  iron  made  using  limestone  with  that  made  using  dolomite, 
we  find  for  gray-forge  the  average  of  four  analyses  under  limestone 
to  be,  Si,  0.644 ;  S,  0.089  ;  while  one  analysis  under  dolomite  gives 
Si,  0.508  ;  S,  0.070. 

For  Xo.  2  iron,  the  limestone  flux  gives,  as  an  average  of  19  an- 
alyses, Si,  1.107;  S,  0.051 ;  while  the  average  of  4  analyses  made 
with  dolomite  flux  gives  Si,  0.630  ;  S,  0.056. 

It  will  be  observed,  that  no  Xo.  1  pig  is  given  under  limestone, 
while  14  analyses  appear  under  dolomite,  averaging  Si,  0.950  ; 
S,  0.028. 

As  nothing  is  said  about  changed  conditions,  it  is  fair  to  presume 
that  the  ore  and  fuel,  as  well  as  the  blast-temperature  (which  is  stated 
to  have  been  uniform  at  about  750°  F.)  remained  practically  the 
same ;  and  since  the  sulphur  in  the  two  fluxes  is  not  given,  it  is 
impossible  to  know  whether  the  lower  sulphur  for  equal  silicon-con- 
tents is  due  to  the  use  of  dolomite  or  to  other  conditions. 

The  use  of  dolomite  would  produce  a  more  fusible  cinder,  and  the 
furnace  would  be  hotter  than  when  using  limestone ;  therefore,  we 
might  expect  to  see  a  grayer  iron.  The  amount  of  Xo.  1  iron  made 
with  dolomite  seems  to  confirm  this  supposition;  and,  under  these 
conditions,  we  might  expect  more  of  the  sulphur  to  be  volatilized, 
and  to  pass  off  in  the  gases. 

The  easier  fusibility  of  the  cinder  would  also  permit  more  rapid 
driving;  and  this  should  reduce  the  amount  of  silicon  and  sulphur 
in  the  iron,  as  the  amount  of  reduced  metalloids  in  the  pig  is  directly 
proportional  to  the  length  of  time  it  remains  in   the  redueing-zone. 
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The  writer  has  seen  "  glazy  iron,"  containing  7  per  cent,  of  silicon, 
produced  from  easily-reducible  hematite  ores,  using  pure  limestone 
as  flux,  and  with  a  cinder  so  basic  that  it  would  hardly  run  out  of  the 
furnace.  The  infusibility  of  the  cinder  prevented  the  furnace  from 
being  driven  rapidly  enough  to  remove  the  iron  from  the  reducing- 
zone  before  this  large  amount  of  silicon  had  been  reduced  and  had 
combined  with  the  metal.  The  intention  was,  to  make  low- silicon 
mill-iron,  and  the  furnace  should  have  produced  100  tons  per  24 
hours;  instead  of  which  it  only  made  about  35  tons,  having  the 
above  composition. 

The  amount  of  alumina  stated  by  Mr.  Firmstone  is  surprising, 
the  writer  never  having  seen  a  cinder  running  so  low. 

Ledebur,  in  his  Eisenhilttenkunde,  gives  a  method  of  fluxing  ores 
which  has  been  used  by  the  writer  for  many  years,  and  found  ex- 
tremely convenient  and  satisfactory.  He  calls  attention  to  the  fact 
that,  to  produce  the  most  fusible  cinder,  the  ratio  of  alumina  to  lime 
plus  magnesia  should  approximate  1  :  3,  or  1  :  4;  and  suggests  that 
the  mixture  be  arranged  to  fulfill  this  condition.  The  above-men- 
tioned ratio,  in  Mr.  Firmstone's  limestone-slag,  is  1  :  9.63,  and  in 
his  dolomite-slag  1  :  13.66,  showing  that  the  fusibility  of  the  slag 
could  be  largely  increased,  and  considerable  economy  thereby  effected. 
The  use  of  dolomite  for  limestone  is  a  step  in  this  direction  ;  for  the 
stoichiometrical  equivalent  of  his  dolomite  for  a  singulo-silicate  is 
6.04,  and  that  of  his  limestone  9.03.  In  other  words,  6  tons  of  the 
dolomite  are  equal  to  9  tons  of  the  limestone  for  fluxing  purposes.* 

This  matter  of  the  relative  value  of  different  fluxes,  though  very 
important  in  these  days  of  close  competition,  has  been  almost  entirely 
neglected  by  furnace-men. 

The  following  table  gives  some  analyses  of  limestones  and  dolo- 
mites, with  the  equivalents  worked  out  to  show  the  comparative 
fluxing  values-  No.  1  is  taken  as  1000;  therefore,  1000  pounds  of 
No.  1  are  equal  in  fluxing  value  to  1099  pounds  of  No.  3,  or  1304 
pounds  of  No.  5,  etc.  D  is  theoretical  dolomite,  and  Lis  pure  lime- 
stone. It  is  easy  to  see  the  economy  of  using  the  former.  Nos.  3  and 
4  are  regularly  used  at  a  large  steel-plant  in  eastern  Pennsylvania,  and 
No.  4  at  a  furnace  in  the  Lehigh  district.  Analyses  were  furnished 
by  the  owners.     The  equivalents  are  given  for  both  singulo-  and  bi- 


*  For  the  manner  of  calculating  the  stoichiometrical  equivalent,  the  reader  is 
referred  to  Ledebur's  EisenhiiUenkunde,  or  the  translation  by  the  writer,  published 
in  the  Journal  of  the  U.S.  Assn.  of  Charcoal-Iron  Workers,  vol.  viii.,  No  3. 
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silicates,  although  the  former  only  are  used  in  coke  and  anthracite 
practice,  while  the  latter  concern  the  charcoal-iron  producers. 

Mr.  Firmstone  (communication  to  the  Secretary):  The  sulphur 
in  the  dolomite,  as  shown  by  several  analyses  made  during  the  time 
covered  by  the  iron-analyses,  varied  from  0.025  per  cent,  to  0.104 
per  cent,  (iron  of  October  25th).  I  have  none  of  the  limestone  for 
September,  but  one  in  August  shows  0.125  per  cent.,  and  those  made 
in  the  preceding  months  give  the  same. 

Through  inadvertence  this  was  not  stated  in  the  paper  as  it  should 
have  been,  but  the  point  was  not  overlooked  in  writing  it;  and  the 
following  figures  would  seem  to  show  that  the  sulphur  in  the  flux, 
even  at  the  highest,  was  not  sufficient  to  affect  the  general  conclusion 
drawn. 

The  materials  used  in  making  the  iron  of  October  25  contained 
the  following  quantities  of  sulphur  per  100  parts  of  pig-iron  made: 

In  the  coke, 1.300 

In  the  dolomite, 135 

In  the  ore, 059 

1.494 

The  sulphur  in  the  No.  1  iron  made  was  (as  stated  in  Table  II.) 
0.025  per  cent.,  being  1.67  per  cent,  of  the  total  sulphur  filled  into 
the  furnace. 

For  the  iron  of  November  (5,  we  have  per  100  of  iron  : 

In  the  coke, 1.661 

In  the  dolomite, 056 

In  the  ore, 090 

1.807 

Sulphur  in  the  iron  (No.  1),  as  per  Table  IT.,  0.025  per  cent.,  or 
1.38  per  cent,  of  the  total  sulphur  present. 

As  above  stated,  I  have  not  the  figures  for  a  like  statement  for 
the  time  covered  by  the  analyses  in  Table  I.,  but  one  made  in  Au- 
gust shows  per  100  of  pig-iron  : 

In  the  coke, 1.387 

In  the  limestone, 0.143 

In  the  ore, 0  010 

1.5-10 

Sulphur  in  the  iron  (No.  1)  0.024,  or  1.56  per  cent,  of  the  whole. 
This  iron  contained  1.77  per  cent,  of  silicon.     It  appears  from   the 
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above,  that  at  the  highest,  the  sulphur  from  the  flux  is  less  than  one- 
tenth  of  the  whole;  and  even  if  the  sulphur  in  the  pig  be  drawn 
from  the  three  constituents  of  the  charge  in  equal  proportions,  the 
difference  between  no  sulphur  in  the  flux  and  the  greatest  amount 
shown  above,  would  only  affect  the  percentage  of  sulphur  in  the  pig 
in  the  third  decimal  place. 

But  the  figures  for  November  6th  show  that  an  increase  in  the  total 
sulphur  of  more  than  double  the  greatest  amount  shown  in  the  flux 
was  without  effect  on  the  sulphur  in  the  iron. 

It  is  hardly  necessary  to  point  out  that  (considering  the  known 
relation  of  the  lime  to  sulphur)  a  given  variation  in  the  sulphur 
contained  in  the  flux  is  far  less  likely  to  appear  in  the  iron  than  an 
equal  variation  in  that  brought  in  by  the  ore  or  fuel. 

There  was  no  known  or  probable  variation  in  the  ore  or  fuel ; 
and  the  driving  for  five  weeks  on  limestone  was  791  charges; 
for  the  five  following  weeks  on  dolomite,  765  charges;  therefore, 
practically  the  same. 

Since  my  paper  was  written,  I  have  found  at  a  works  in  the  Le- 
high region  a  specimen  of  cinder  of  the  following  composition  : 


Proximate    Ultimate 

per  cent.       per  cent. 

Si02, 35.26            35.26 

A1203,    .         . 

10.20             13.83 

CaO,      . 

24.35            24.35 

MgO,     .        . 

. 

17.79             19.23 

FeO,     . 

. 

1.65              1.65 

SiOa,     .        . 

0.37              0.37 

Spinel,  . 

5.07             

K20,     .        . 

1.29              1.29 

Na20;    . 

0.90              0.90 

The  spinel  contained  : 


A1203> 
MgO, 


1.3S) 


99.98 


99.98 


70.78 
27.91 


The  furnace-manager,  a  very  competent  man,  informs  me  that  it 
was  probably  made  when  running  on  gray-forge  iron,  and  that  lie 
had  never  noticed  any  want  of  fluidity  or  tendency  to  lose  hearth- 
room  when  making  similar  cinder.  This  cinder  being  intermediate 
between  the  Andover  and  Stanhope  samples,  so  far  as  percentage  of 
spinel  is  concerned,  and  not  showing  any  tendency  to  choke  up  the 
hearth,  it  seems  doubtful  whether  the  spinel  has  any  direct  influence 
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in  that  direction;  and  the  tacit  assumption,  made  in  my  paper,  that 
such  is  the  effect  of  the  spinel,  must  be  set  aside  pending  further 
evidence. 

The  above,  and  all  the  original  analyses  in  the  paper,  excepting 
those  of  the  Longdale  cinder,  were  made  by  Mr.  P.  W.  Shimer, 
Easton,  Pa. 

Mr.  Landis  (communication  to  the  Secretary) :  The  figures  given 
by  Mr.  Firmstone  show  the  dolomite  to  average  0.0645  per  cent, 
sulphur,  while  the  limestone  averages  0.125  sulphur,  or  nearly  twice 
as  much.  Under  these  circumstances,  lower  sulphur  was  to  be  ex- 
pected . 

But  there  is  still  another  reason,  apparently  overlooked  by  Mr. 
Firmstone,  viz.,  the  oxygen-ratios  of  the  slags.  In  the  dolomite 
slag  the  ratio  of  basic  to  acid  oxvgen  is  1  :  1.01,  and  in  the  limestone 
slag  1  :  1.17.  The  basicity  of  the  slags  is  therefore  approximately 
in  the  ratio  of  1.16  :  1,  the  dolomite  slag  being  more  basic  than  the 
limestone  slag.  This  would  tend  to  reduce  the  percentage  of  sulphur 
in  the  pig-iron,  and  would  probably  more  than  equal  the  difference 
of  affinity  for  sulphur  between  the  lime-alumina  silicate  and  the 
lime-magnesia-alumina  silicate.  From  a  careful  study  of  these  con- 
ditions, Mr.  Firmstone's  results  go  to  confirm  those  of  Prof.  Ledebur 
instead  of  conflicting  with  them. 

With  regard  to  the  formation  of  spinel,  it  would  seem  to  be  a  re- 
sult of  too  basic  a  cinder. 

The  change  produced  by  the  formation  of  spinel  leaves  a  less 
basic  cinder,  which  is  probably  more  fusible  than  the  original  one, 
and  the  temperature  would  also  be  raised  by  the  heat  given  out  when 
the  spinel  solidified,  according  to  the  laws  of  thermodynamics.  The 
formation  of  spinel  seems  to  follow  the  law  of  formation  of  chemical 
precipitates. 

Upon  substituting  dolomite  with  less  sulphur,  for  limestone,  and 
thus  forming  a  more  basic  slag,  the  resulting  pig-iron  should  have 
been  lower  in  sulphur  than  before,  as  is  shown  by  the  above  consid- 
erations, and  it  is  difficult  to  see  how  any  other  result  could  have 
been  expected. 

R.  W.  Raymond,  New  York  City :  The  experiments  of  Prof. 
Ledebur,  to  which  Mr.  Firmstone  refers,  were  made  by  melting,  in 
crucibles  lined  with  charcoal,  measured  quantities  of  sulphurous  pig- 
iron  and  slags  of  different  composition.  !  nferences  drawn  from  such 
experiments  as  to  the  effect  of  lime,  magnesia,  etc.,  in  the  blast- 
furnace charge,  upon  the  proportion  of  sulphur  in  the  resultant  pig- 
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iron,  are  open  to  the  criticism  that  the  conditions  of  the  experiment 
do  not  represent  those  of  the  blast-furnace.  The  tacit  supposition 
appears  to  be,  that  the  hearth  of  the  blast-furnace  represents  the 
crucible  of  the  experiments,  and  that  iu  the  hearth,  as  in  the  ex- 
perimental crucible,  there  is  a  reaction  between  the  metallic  bath 
containing  sulphur  and  the  materials  of  the  slag.  Evidently  this 
can  be  true,  if  at  all,  only  as  regards  that  proportion  of  the  sulphur 
in  the  total  charge  which  has  been  actually  taken  up  in  the  zone  of 
fusion  by  the  melting  iron.  That  this  proportion  is  not  dependent 
only  upon  the  total  sulphur  in  the  charge,  need  scarcely  be  pointed 
out.  The  elimination  of  sulphur  in  the  upper  zone  of  the  furnace 
by  oxidation,  and  the  formation  of  calcium  or  magnesium  sulphide 
in  the  reducing  zone,  prior  to  the  carbonization  and  fusion  of  the 
reduced  iron,  are  factors  not  represented  in  Prof.  Ledebur's  experi- 
ment ;  and  it  is  quite  conceivable  that  a  dolomite  flux  may  operate 
throughout  the  whole  blast-furnace  process  so  as  to  bring  about  a 
final  result  differing  from  that  of  his  crucible-fusion.  I  understand 
Mr.  Firmstone  to  mean  this,  when  he  says  that  "Ledebur's  experi- 
ments seem  conclusive  as  to  the  exact  point  he  investigated:"  this 
exact  point  being  the  effect  of  slags  already  formed  upon  sulphurous 
pig-iron  already  formed,  when  they  are  melted  together  in  the  presence 
of  abundant  carbon.  And  the  acceptance  of  these  experiments  as 
conclusive  on  that  point  does  not  exclude  the  possibility  that  Prof. 
Ledebur's  sweeping  deduction  as  to  the  use  of  dolomite  flux  in  the 
blast-furnace  may  be  untenable,  by  reason  of  other  conditions  which 
he  did  not  take  into  account. 

Prof.  Ledebur's  own  statement  of  the  matter,  made  twelve  years 
later  than  his  experiments,  is  found  in  his  Handbuch  der  Eisenhut- 
tenkunde  (1893),  page  291,  from  which  I  translate  as  follows: 

"Fortunately  the  behavior  of  lime  towards  sulphur-bearing  iron  gives  the  iron- 
master a  means  for  removing  the  sulphur  from  the  iron.  When  sulphurous  iron  is 
melted  with  lime  and  coal,  there  are  formed  metallic  iron  (pig-iron)  and  calcium 
sulphide,  which, 'being  insoluble  in  the  iron  bath,  is  taken  up  by  the  cinder.  Per- 
haps this  process  is  represented  by  the  formula,  FeS  -f-  CaO  -\-  C  =  Fe  -\-  CaS  -4- 
CO.  It  is  not  necessary  that  the  lime  should  be  present  in  a  free  state;  basic  slags 
rich  in  lime  have  the  same  effect,  but  the  more  strongly,  the  greater  their  contents 
of  lime.  According  to  K.  Akerman  (Kaemthner  Zeitschrift,  1876,  p.  160),  one  and 
the  same  ore,  smelted  successively  with  15  per  cent,  of  quartz,  with  5  per  cent,  of 
lime,  and  with  20  per  cent,  of  lime,  gave  pig-irons  with  0.09,  0.04,  and  0.01  per 
cent,  of  sulphur  respectively.  In  several  experiments  of  my  own,  a  specially  pre- 
pared pig-iron,  containing  2.33  per  cent,  of  sulphur,  was  melted  at  one  time  with  a 
singulosilicate,  and  at  another  time  with  a  bisilicate  slag.  Both  slags  contained, 
besides  lime,  some  alumina,  and  the  quantity  of  slag  was  in  each  case  double  that 
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of  the  iron.  In  the  resulting  product,  the  singulosilicate  slag  contained  1.445  per 
cent,  of  sulphur  to  0  079  per  cent,  in  the  iron;  the  bisilicate,  0.681  per  cent,  to 
0.357  per  cent,  in  the  iron. 

"Protoxide  of  manganese  in  the  slag  is  likewise  favorable  to  the  elimination  of 
sulphur. 

"  The  desulphurizing  effect  of  magnesia  is  smaller.  Magnesium  has  but  a  slight 
affinity  for  sulphur  ;  nevertheless,  a  basic  slag  containing  magnesia  likewise  takes 
up  sulphur  from  the  iron.  When,  in  my  experiments  above  mentioned,  the  lime 
in  the  slags  was  replaced  by  a  chemically  equivalent  quantity  of  magnesia,  the  sin- 
gulosilicate slag  showed  1.069  per  cent,  of  sulphur  to  0.260  per  cent,  in  the  corres- 
ponding iron,  and  the  bisilicate  0.290  per  cent,  to  0.391  in  the  iron. 

"Alumina  in  the  slag  has  no  direct  influence  upon  the  contents  in  sulphur. 

"High  temperature  favors  in  these  cases  the  taking  up  of  sulphur  by  the  slags, 
and  consequently  the  production  of  pig-iron  low  in  sulphur." 

It  will  be  seen  that,  in  this  later  restatement  of  his  views,  Prof. 
Ledebur  does  not  explicitly  declare  the  unconditional  superiority  of 
limestone  over  dolomite  as  a  flux  for  the  production  of  low-sulphur 
pig.  Yet  perhaps  that  opinion  may  be  inferred  from  his  lan- 
guage. 

Mr.  Firmstone  cites  the  well-known  practice  of  the  Lehigh  Valley 
and  other  regions  to  show  that  there  is  no  difficulty  in  making,  with 
dolomite,  iron  low  in  sulphur,  and  adduces  analyses  proving  that 
"under  certain  circumstances,  at  least,"  the  sulphur  in  the  pig  has 
been  reduced  by  substituting  dolomite  for  limestone  containing  about 
5  per  cent,  of  magnesia.  These  statements  do  not  contradict  Prof. 
Ledebur's  results;  they  only  tend  to  modify  the  sweeping  generali- 
zation as  to  dolomite  which  has  been  based  thereon.  Mr.  Firmstone 
refers  to  two  recent  utterances  out  of  many  which  he  might  have 
quoted,  and  the  unqualified  character  of  these  expressions  certainly 
justifies  his  protest. 

Thus,  Sir  Lowthian  Bell  says*  that  the  use  of  dolomite  as  a  flux 
is  "a  great  disadvantage,  because  lime  acts  not  merely  as  a  flux  but 
as  a  means  of  removing  sulphur;  an  office  magnesia  is  incapable  of 
discharging." 

Mr.  Steadf  declares  that  lime  is  a  much  more  powerful  desulphur- 
izer  than  magnesia;  that  magnesian  limestone  has  never  been  used 
successfully  in  smelting  Cleveland  iron,  the  sulphur  having  been 
increased  in  the  pig  whenever  it  has  been  tried  ;  that  it  has  given 
better  results  in  the  manufacture  of  Bessemer  iron,  though  even  in 
that  department,  after  trial  in  one  or  two  cases,  it    has    been  aban- 

*  The  Iron  and  Steel  Inst,  in  America  in  1890,  p.  16. 
f  Jour.  I.  and  S.  Inst.,  1892,  No.  ii.,  p.  242. 
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donecl  for  limestone,  and  that  "  it  is  clear  that  by  far  the  most  potent 
agencies  at  work  in  a  blast-furnace  for  the  removal  of  sulphur  are 
a  sufficiently  elevated  temperature  accompanied  by  a  sufficient  quan- 
tity of  basic  silicate  of  lime." 

Mr.  Stead  cites  also  from  H.  M.  Howe*  a  passing  allusion  to  "the 
Illinois  blast-furnace  practice,"  in  which  the  substitution  of  calcite 
for  dolomite  materially  diminished  the  sulphur  in  the  pig,  as  show- 
ing that  lime  is  a  more  efficient  desulphurizer  than  magnesia.  But 
Mr.  Howe,  elsewhere  on  the  same  page,  distinctly  asserts  that  mag- 
nesia also  removes  sulphur,  and  nowhere  goes  to  the  length  of  de- 
claring with  Sir  Lowthian  Bell  that  magnesia  is  incapable  of  doing 
this,  or  with  Mr.  Stead  that  "by  far  the  most  potent  agencies''  are 
high  temperature  and  plenty  of  basic  silicate  of  lime. 

As  against  such  sweeping  assertions,  Mr.  Firmstone  shows  that 
under  certain  circumstances  magnesia  does  the  work  even  better  than 
lime.  What  those  circumstances  are,  he  fully  sets  forth  without  dis- 
cussing them  in  detail;  and  Mr.  Landis's  suggestions,  if  accepted  as 
both  correct  and  sufficient,  do  not  at  all  invalidate  Mr.  Firmstone's 
position,  or  justify  the  unqualified  proposition  against  which  he  pro- 
tests. 

.  But  I  do  not  think  Mr.  Landis's  suggestions  cover  the  case. 
He  thinks  the  results  adduced  by  Mr.  Firmstone  are  to  be  ex- 
plained : 

1.  By  the  fact  of  the  presence  of  0.125  per  cent,  of  sulphur  in 
the  dolomite,  and  only  0.0645  per  cent,  in  the  limestone.  I  do  not 
believe  that  this  difference  would  have  any  considerable  (if  indeed  a 
traceable)  effect  on  the  resulting  pig. 

2.  By  the  fact  that  the  dolomite  slag  was  slightly  more  basic  than 
that  of  the  limestone.  This  would  unquestionably  have  some  effect, 
but  it  seems  to  me  highly  doubtful  whether  the  very  small  difference 
in  oxygen-ratio  here  disclosed  could  account  for  the  effect  actually 
exhibited.  But  if  Mr.  Landis  is  correct,  it  follows  that  the  basicity 
is  a  factor  so  much  more  potent  than  the  lime  that  a  small  change 
in  basicity  is  sufficient  to  counter-balance  all  the  difference  between 
the  affinities  of  lime  and  magnesia  for  sulphur. 

In  other  words,  on  Mr.  Landis's  own  showing,  the  sweeping  con- 
demnation of  dolomite  expressed  by  various  authorities  should  be 
modified  so  as  to  declare  that  if  the  dolomite  be  slightly  less  sul- 
phurous, and  the  dolomite-slag  slightly  more  basic,  than  the  lime  and 

I  McUdluryy  of  Steel,  p.  51. 
vol.  xxiv. — 57 
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its  slag,  dolomite  may  be  used,  under  conditions  otherwise  the  same, 
to  produce  pig-iron  surprisingly  low  in  sulphur.  Such  a  statement 
would  express  the  facts;  and  I  think  Mr.  Landis  will  confess  that 
it  would  not  "  confirm,"  but,  on  the  contrary,  essentially  alter,  the 
sweeping  generalization  which  Mr.  Firmstone  has  modestly  ven- 
tured to  question.  I  wish  that  Mr.  Landis,  or  some  other  observer 
equally  competent,  would  take  up  this  subject  for  comprehensive  dis- 
cussion, determining,  if  possible,  the  quantitative  value  of  the  dif- 
ferent factors  involved,  such  as  the  basicity  of  the  slags,  their  tem- 
perature of  fusion  and  specific  heat,  the  percentage  of  sulphur  in 
ore,  flux,  and  fuel  respectively,*  the  furnace-reactions  prior  to  fusion, 
the  reactions  in  the  hearth,  and  finally  (but,  perhaps,  when  all  is 
said,  not  chiefly),  the  direct  affinity  for  sulphur  possessed  by  cal- 
cium, magnesium,  etc. 
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Discussion  of  the  Paper  of  Mr.  Glenn  on  "  Mine-Explosions  Generated  by 
Grahamite  Dust."     (See  p.  195.) 

(Virginia  Beach  Meeting,  February,  1894.) 

E.  E.  Eussei.l  Tratman,  New  York  City  (communication  to  the 
Secretary):  Mr.  Glenn's  paper  brings  up  again  the  question  of  the 
part  played  by  coal-dust  in  colliery-explosions.  In  the  discus- 
sion of  Sir  Frederick  Abel's  paper  on  "Accidents  in  Mines," 
read  before  the  Institution  of  Civil  Engineers, f  much  was  said 
about  the  dangerous  properties  of  coal-dust,  and  several  instances 
were  given  of  the  successful  use  of  a  spray  of  water,  water  and  com- 
pressed air,  or  exhaust-steam  from  an  engine,  to  keep  the  mine  suffi- 
ciently damp  to  prevent  the  formation  of  dust  clouds.  Methods  of 
preventing  shots  from  blowing  out ;  of  using  water  cartridges  to  pre- 
vent flame  ;  and  of  using  lime  cartridges,  wedges  and  other  means  of 
breaking  down  the  coal  were  also  discussed.  Mr.  Emerson  Bainbridge 
referred  to  the  explosive  termed  "  roburite"  (ammonium  nitrate  and 

*  Nothing  is  more  probable  a  priori,  or  according  to  experience,  than  that  sul- 
phur behaves  differently  in  these  three  relations,  or,  in  other  words,  :liat  the  beha- 
vior of  two  blast-furnace  charges  cannot  be  predicated  upon  their  total  sulphur 
without  regard  to  its  original  distribution  and  combinations. 

f  Proe.  1.  of  C.E.,  1887  and  1888,  vol.  xc,  p.  160,  and  vol.  xci.,  p.  36. 
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well  purified  chlorinated  dinitro-benzine)  which  produced  no  flame 
and  could  be  used  with  safety  in  fiery  mines.  It  is,  however,  asserted 
to  give  out  very  noxious  fumes.  The  very  complete  report  of  the 
British  Commission  on  Accidents  in  Mines,*  made  in  1886,  discusses 
the  dust  question  very  fully,  and  gives  details  of  numerous  experi- 
ments, from  which  it  was  concluded  that  while,  in  the  total  absence 
of  fire-damp,  coal-dust  does  exhibit  some  tendency  to  become  in- 
flamed or  to  carry  or  propagate  flame,  the  tendency  is  of  a  limited 
nature,  and  very  different  from  the  property  of  carrying  or  propaga- 
ting flame  which  even  comparatively  non-sensitive  dusts  possess  in 
the  presence  of  a  very  small  quantity  of  fire-damp.  The  proportion 
of  fire-damp  required  to  bring  dust  readily  into  operation  as  an  ex- 
plosive, when  thickly  suspended  in  the  air,  borders  upon  and  is  even 
sometimes  below  the  smallest  amount  (about  2  per  cent.)  which  can 
be  detected  in  the  atmosphere  of  a  mine,  by  the  most  practiced  ob- 
server, with  the  use  of  the  Davy  lamp.  The  report  says  that  the 
most  decisive  of  the  results  of  numerous  experiments  were  not  of  a 
nature  to  warrant  the  conclusion  that  flame  could  be  carried  along 
to  a  very  great  distance  by  coal-dust  in  the  complete  absence  of  fire- 
damp. On  the  other  hand,  in  the  summary  of  their  report  the 
commissioners  made  the  following  remarks: 

''  Unless  the  coal-dust  which  exists  in  the  immediate  vicinity  of  a  blown-out 
powder  shot  is  dry,  very  finely  divided  and  of  a  very  highly  inflammable  character,  the 
propagation  of  flame  from  the  shot  by  the  raised  dust  will  only  take  place  to  a  com- 
paratively limited  extent  if  the  atmosphere  in  which  the  dust  is  raised  be  entirely 
free  from  fire-damp.  It  is,  however,  well  established  that  even  when  the  air  is  quite 
free  from  fire-damp,  an  exceptionally  inflammable  coal-dust  in  a  very  finely  divided 
and  dry  condition,  and  existing  in  abundance  in  the  immediate  vicinity  of  a  blown- 
out  shot,  may,  when  raised  by  the  shot,  be  ignited  so  readily  and  carry  on  the  flame 
so  rapidly  that  it  may  produce  explosive  effects  of  a  similar  character  to  those  caused 
by  a  gas  explosion.  The  flame,  as  it  rushes  along,  if  fed  by  freshly  raised  dust, 
may  extend  under  these  circumstances  to  very  considerable  distances,  with  results 
resembling,  in  their  disastrous  nature,  those  of  explosions  originating  with,  and  mainly 
due  to,  tire-damp." 

Perhaps  the  dust  of  the  grahamite  described  by  Mr.  Glenn  may 
be  classed  with  exceptionally  inflammable  coal-dust.  The  commis- 
sioners did  not  appear  to  think  the  use  of  water  in  laving  the  dust 
in  roadways  very  practicable,  but  did  recommend  the  use  of  high 
explosives,  in  conjunction  with  water,  for  dry  mine-workings  liable 
to  access  of  fire-damp.     They  also  recommended  careful  work  to 

*  Engineering  News  Publishing  Co.,  New  York,  1887. 
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reduce  the  liability  to  blown-out  shots.  In  a  report  made  by  Mr. 
Hall,  Inspector  of  Mines,  to  the  Royal  Commission  on  Explosions 
from  Coal-Dust  in  Mines  (England),  issued  in  1894,  details  are  given 
of  experiments  made  with  numerous  samples  of  coal-dust  in  a  mine- 
shaft;  a  wrought-iron  cannon  being  used  for  the  gunpowder-shots. 
He  presented  the  following  conclusions:  1.  That  the  flame  from  a 
blow-out  gunpowder-shot  in  the  presence  of  coal-dust  always  ignites 
more  or  less  of  the  dust,  which  increases  the  burning  and  charring 
effect  of  the  shot ;  2.  that  a  dusty  atmosphere  will  explode  with 
great  violence  if  traversed  by  a  flame,  the  explosion  continuing 
through  any  length  of  such  atmosphere  and  increasing  in  violence 
as  it  progresses;  3.  that  coal-dusts  from  certain  seams  are  almost  as 
sensitive  to  explosion  as  gunpowder;  4.  that  the  higher  the  quality 
of  the  coal-seam,  the  more  sensitive  is  the  dust  to  explosion;  5. 
that  a  ready  supply  of  oxygen,  as  by  brisk  ventilation,  makes  the 
du^t-explosions  more  probable  and  more  severe;  6.  that  certain 
hiu;h  explosives  are  incapable  of  igniting  or  exploding  coal-dust,  for 
which  reason  the  report  recommended  the  total  exclusion  of  gun- 
powder from  coal-mines  and  the  substitution  of  such  high  explosives. 
Mr.  Glenn  observes  that  he  has  been  unable  to  find  records  of  any 
work  done  in  this  direction  by  M.  de  Souich,  mentioned  by  Prof. 
Abel;  and  I  therefore  beg  to  quote  the  following  lines  from  the 
report  of  the  Accident  Commissioners: 

"  Although  the  report  of  Faraday  and  Lyell,  and  subsequent  writings  on  the  sub- 
ject by  the  former,  were  published  in  1845,  these  publications  appear  to  have  re- 
mained long  unknown  in  France;  for  in  1855  M.  de  Souich,  Chief  Government 
Mining  Engineer,  of  the  Sainte  Etienne  Arrondissement,  when  referring  to  an  ex- 
plosion which  had  occurred  at  Firminy,  advanced  as  new  the  view  that  the  deposi- 
tion of  crusts  of  a  light  coke  upon  the  props  was  due  to  dust  which  had  been  swept 
up  and  transported  to  a  distance  by  the  violent  current  produced  by  the  explosion, 
and  which,  becoming  in  part  inflamed,  had  extended  and  prolonged  the  destructive 
effects  originated  by  the  fire-damp.  On  the  occasion  of  two  explosions  in  1861,  M. 
de  Souich  again  dwelt  upon  his  views  regarding  the  part  played  by  coal-dust  ii  in- 
creasing the  disastrous  effects  of  fire-damp  explosions." 

The  difficulty  which  Mr.  Glenn  has  experienced  in  this  instance 
emphasizes  once  more  the  importance  of  full  references  in  all  papers 
presented  to  technical  societies  and  in  technical  books.  Mr.  Glenn 
says  that  while  M.  de  Souich  and  an  Austrian  observer  are  mentioned 
by  several  writers,  nobody  has  cited  the  places  of  their  communica- 
tions ;  and  this,  I  notice,  is  true  of  the  commission  report  just  quoted. 
Much  exasperating  labor  on  the  part  of  students  might  be  saved  by 
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a  foot-note  giving  title,  publisher,  volume,  date  and  such  other  refer- 
ences as  are  necessary  to  locate  the  publication.  This,  it  will  be 
noticed,  Mr.  Glenn  has  done.  In  books,  I  think,  this  defect  is  more 
frequently  found  than  in  the  proceedings  of  technical  societies. 

G.  C.  Hewitt,  Washington,  D.  C.  (communication  to  the  Secre- 
tary) :  With  reference  to  the  influence  of  dust  in  coal-mine  explo- 
sions, I  wish  to  suggest,  as  the  result  of  considerable  experience  witli 
extremely  inflammable  and  other  coals  in  Wyoming,  Utah  and 
Colorado,  that  the  degree  of  inflammability  is  largely  a  matter  of 
the  physical  structure  of  the  coal  as  distinguished  from  its  chemical 
composition.  That  some  coals  may,  under  ordinary  conditions, 
burn  so  rapidly  as  to  produce  an  explosion,  there  is  no  question. 
As  an  instance,  the  finer  dust  from  the  drilling  in  the  New  Castle 
(Colorado)  big  seam,  will,  if  dusted  over  the  flame  of  a  candle,  carry 
the  flame  up  15  or  18  inches.  This  coal  contains  about  2J  per  cent, 
of  water  and  about  38  or  40  per  cent,  of  volatile  matter. 

The  Castle  Gate  (Utah)  coal,  containing  about  1J  per  cent,  of 
water,  is  also  extremely  inflammable;  and  the  Almy  (Wyoming) 
coal,  containing  12  per  cent,  of  water  is  nearly  as  much  so;  while 
the  Rock  Springs  (Wyoming)  No.  1  coal,  containing  1\  per  cent, 
of  water,  is  not  sufficiently  inflammable  to  be  explosive. 

The  use  of  giant  instead  of  black  powder  will,  with  the  above 
coals,  under  ordinary  conditions,  avoid  the  probability  of  explosion  ; 
and  I  would  suggest  that  Settle's  "  water-cartridge,"  in  use  in  Staf- 
fordshire, England,  would  avoid  the  possibility  of  explosion  with 
any  coal  that  I  am  aware  of. 

R.  W.  Raymond,  New  York  City :  In  this  connection,  mention 
should  be  made  of  papers  in  our  Transactions,  giving  valuable  in- 
formation upon  this  subject.  I  refer  particularly  to  the  paper  of 
Messrs.  Bramwell,  Buck  and  Williams  on  "The  Pocahontas  Mine- 
Explosion"  (xiii.,  237),  and  that  of  Mr.  Hutchinson,  "  Notes  on 
Coal-Dust  in  Colliery  Explosions"  (xiii.,  253).  Both  of  these  were 
presented  at  the  Chicago  meeting  of  the  Institute,  in  May,  1884. 
The  latter  gives  a  good  summary  of  the  prior  English  literature  of 
the  subject. 

Probably  the  most  thorough  experimental  investigation  of  the  re- 
lation between  coal-dust  and  colliery-explosions  which  has  ever  been 
made  was  that  of  the  Royal  Prussian  Fire-Damp  Commission, 
which  will  be  found  in  vol.  iv.  of  the  appendix  to  the  general  re- 
port of  that  commission.*     Although  this  final  and  formal  publica- 

*  Hauptbericht  der  Preussischen  Schlay wetter  Commission,  with  Appendix  in  Five 
Volumes,  and  Atlas,  Berlin.  1887. 
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tion  was  not  made  until  1887,  the  essential  results  of  the  coal  dust 
experiments  had  been  reached  by  the  end  of  1884,  and  were  made 
public  in  1885.* 

These  results  are  much  more  definite  and  quantitative  than  those 
announced  by  the  British  Commission  to  which  Mr.  Tratman  refers, 
and  the  experiments  made  were  more  precise  in  method  than  any 
which  have  come  to  my  notice.  In  consequence  of  the  recommen- 
dations of  the  commission,  shot-firing  was  prohibited  altogether  in 
mines  controlled  by  the  Prussian  government,  where  safety-lamps 
were  used.  The  commission  declared  that  black  powder  and  all 
other  slow  explosives  ought  to  be  prohibited  in  collieries  containing 
fire-damp,  and  that  even  dynamite  and  other  high  explosive-*,  though 
permissible  in  certain  cases,  ought  not  to  be  used  where  accumula- 
tions of  fire-damp  are  possible  in  sufficient  quantity  to  give  a  clearly 
perceptible  blue  cap  on  the  lamp;  and  that  in  all  cases  it  is  desirable 
that  the  air  should  be  tested  within  a  radius  of  ten  yards  before  ig- 
niting any  shot.f 

Since  the  full  report  of  the  Prussian  commission  is  not  accessible 
to  most  of  our  members,  I  give  here  a  part  of  the  abstract  of  its  re- 
sults published  by  me  in  the  Engineering  and  Mining  Journal: 

"The  Konig  mine,  at  Neunkirchen  (Saarbriicken),  was  chosen  as  the  locality  for 
the  experiments  because  it  possesses,  120  meters  below  the  surface,  a  steady,  natural 
'gas-blower,'  which  has  been  discharging  for  two  years  about  0.025  cubic  meter  of 
fire-damp  per  minute.  This  was  conducted  in  pipes  to  a  gasometer,  for  use  in  the 
experiments.  The  conditions  of  actual  experience  were  imitated  as  closely  as  pos- 
sible, consistently  with  the  necessary  arrangements  for  accurate  observation  and 
measurement.  In  an  old  dump,  a  gangway,  51  meters  long,  was  constructed  of 
elliptic  rings  of  I-iron,  lined  with  pine  planks  5  centimeters  thick,  the  dimensions 
in  the  clear  being  1.72  meters  for  the  major  and  1.20  meters  for  the  minor  axis. 
One  end  of  this  gallery  terminated  in  a  mass  of  masonry,  3.75  meters  long,  3  meters 
broad,  and  1  meters  high,  strengthened  with  anchor-bolts,  and  containing  seven  cast- 
iron  mortars  set  in  the  masonry,  with  elastic  backing  of  soft  wood  and  rubber. 
These  represented  bore-holes,  having  35  millimeters  interior  diameter  and  800  mil- 
limeters depth,  and  taking  a  charge  of  230  grammes  of  powder  (except  the  central 
one,  which  was  40  millimeters  in  diameter,  940  millimeters  deep,  and  was  charged 
with  500  grammes).  They  were  arranged,  two  near  the  roof,  two  near  the  floor, 
and  three  in  the  central  line  of  the  heading  represented  by  the  masonry;  and  their 
axes  were  so  set  that  those  of  the  upper  and  the  lower  two,  prolonged,  would  all 
intersect  at  a  point  in  the  center  of  the  gallery  5  meters  from  the  heading  (or,  in 


*  See  Preuss.  Zeitsch.,  vol.  xxxii.,  1884,  Abthl.  B,  p.  575  ;  also  an  extended  analy- 
sis by  the  writer  in  Enrj.  and  Min.  Jour.,  xxxix.,  221,  April  4,  1885. 

t  I  take  this  summary  of  conclusions  from  the  Colliery  Guardian,  as  quoted  in 
the  Bag.  and  Min.  Jour.,  xl.,  216,  Sept.  26,  1885. 
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other  words,  at  10  meters  would  strike  the  roof  and  floor  respectively),  while  those 
of  the  middle  three,  prolonged,  would  intersect  in  a  point  in  the  middle  of  the  floor 
5  meters  from  the  heading.  The  gallery  was  so  built  in  the  dump  as  to  be  buried 
wholly  on  one  side  and  three-fourths  on  the  other.  Along  the  exposed  upper  quar- 
ter, at  intervals  of  about  1  meter,  were  inserted  thirty-two  windows  of  20-millime- 
ter glass  in  cast-iron  frames.  There  were  sundry  other  particulars  which  need  not 
be  described  at  length:  a  man-hole;  openings  loosely  stopped  with  wooden  plugs, 
to  serve  as  safety-valves;  an  exhauster,  to  accelerate  the  removal  of  afterdamp  ; 
arrangements  for  brattice-canvas,  by  means  of  which  a  chamber  containing  20  cubic 
meters  could  be  constructed  to  receive  and  hold,  12.35  meters  from  the  heading, 
the  gas-mixture  to  be  experimented  upon;  electrical  apparatus  for  firing,  etc. 
Finally,  at  the  mouth  of  the  gallery,  in  the  line  of  its  axis,  a  tramway  was  laid, 
with  a  rising  grade  of  4°,  upon  which  a  mine-car  was  placed  to  give,  by  its  motion 
after  an  explosion,  a  measure  of  the  energy  developed.  A  side- gallery  at  right 
angles  to  the  first  was  afterwards  added  for  the  purpose  of  testing  the  effect  of 
glowing  coal-dust  upon  accumulations  of  fire-damp  at  a  distance,  and  aside  from  the 
original  ignition  or  explosion. 

"It  was  found  by  preliminary  experiments  that  an  ordinary  shot  (230  grammes 
of  powder),  fired  with  clay  tamping,  gave  a  flame  3  to  4  meters  long,  but  that  when 
tamped  with  coal-dust  the  flame  was  9  to  16  meters  long.  (For  the  big  hole,  loaded 
with  500  grammes,  the  respective  lengths  of  flame  were  5  meters  and  19  meters.) 
The  coal-dust  was  of  medium  fiery  quality,  as  afterwards  determined.  This,  like 
all  the  other  experiments,  represents  only  such  shots  as  blow  out,  which  are,  of 
course,  in  practice,  the  most  likely,  if  not  the  only  ones,  to  cause  explosions.  The 
tamping  with  coal-dust  was  fairly  assumed  to  give  conditions  at  least  as  dangerous 
as  those  presented  by  a  hole  bored  in  coal. 

"To  test  and  compare  the  behavior  of  some  twenty-eight  different  varieties  of 
coal-dust,  each  was  separately  tried  by  scattering  about  15  kilogrammes  of  it  along 
10  meters  of  the  gallery,  firing  the  charge  of  230  grammes,  and  observing  the 
length  of  the  flame.  This  was  done  once  with  clay  tamping  and  once  with  dust 
tamping.  The  maximum  length  of  flame  observed  was  33  meters  (from  a  very  fine 
coal-dust,  rich,  yet  not  the  richest  of  the  series,  in  volatile  matter),  and  the  mini- 
mum was  4  to  6  meters  (from  a  lean  anthracite  coal).  It  was  found  that  scattering 
the  coal-dust  along  the  floor  was  practically  as  efficient  as  any  other  way  of  distrib- 
uting it  in  the  gallery,  since  the  result  of  the  shot  was  to  stir  it  up  in  a  cloud. 
Under  the  conditions  of  these  experiments  it  appeared  that,  as  a  rule,  when  the 
flame  was  over  22  meters  or  under  12  meters  long,  the  effect  of  coal-dust  tamping 
for  the  shot  was  not  important.  But  adust  which  gave  for  clay  tamping  a  flame  12 
to  16  meters  long  showed  19  to  22  meters  of  flame  when  the  shot  was  also  tamped 
with  it. 

"The  sectional  area  of  the  gallery  being  1.62  square  meters,  it  is  easily  calcu- 
lated that  15  kilogrammes  of  dust  scattered  along  10  meters  of  it  would  give  about 
1  kilogramme  per  square  meter.  But  in  most  cases  only  a  portion,  perhaps  only  a 
small  portion,  of  the  dust  is  actually  lifted  by  the  blast  into  the  air,  the  rest  being 
too  coarse  and  heavy.  Hence  the  dangerous  proportion  of  dust  must  lie  less  than  1 
kilogramme  per  square  meter.  A  great  light  is  shed  upon  this  point  by  Dr.  Brook- 
man's  analyses  of  the  coal-dust  and  of  the  "explosion-coke,"  that  is,  the  beads  and 
crusts  of  coked  dust  formed  in  the  gallery  after  the  shot.  To  take  one  instance:  the 
coal  contained  21.8  per  cent,  of  volatile  matter,  the  coke  13.6.  Hence,  8.2  per  cent, 
had  been  expelled.     Now,  if  the  whole  15  kilogrammes  of  coal-dust  had  been  thus 
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coked,  1.23  kilogrammes  of  gas  would  have  been  developed.  The  analyses  show 
that  this  gas  was  almost  wholly  hydrogen  and  hydrocarbons.  It  would  therefore 
occupy  (at  freezing-point  and  atmospheric  pressure),  say,  2  cubic  meters  space,  and 
if  generated  in  10  meters  of  the  gallery  (or  16.2  cubic  meters  space),  would  con- 
stitute about  12  per  cent,  by  volume  of  the  local  atmosphere.  But  this  is  more  than 
is  required  for  the  most  explosive  mixture.  It  is  evident,  therefore,  that,  under 
some  circumstances,  coal-dust  alone,  ignited  by  a  blown-out  shot  and  instanta- 
neously coked,  might  give  rise  to  an  actual  explosion. 

"According  to  these  experiments,  however,  the  coal-dust  undoubtedly  plays  a 
double  part.  First,  it  becomes  glowing  hot  in  the  glowing  gas-current  from  the 
shot.  The  ordinary  yellow  flame  from  the  powder  is  colored  dark  red  by  it,  and  is 
essentially  lengthened,  because  the  particles  of  coal-dust  continue  to  glow  as  they 
are  blown  forward.  Other  powdered  substances  might  do  the  same.  Prof.  Abel, 
for  instance,  showed  that  magnesia  would.  Anthracite  dust  comes  nearest  to  con- 
fining itself  to  this  comparatively  innocent  r6!e.  But  it  is  certain  that  the  more 
intense  phenomena  exhibited  by  other  coals  are  due  to  the  combustion  of  the  gas 
generated  by  the  glowing  dust  itself.  And  this  combustion,  again,  may  be  con- 
tinuous and  comparatively  quiet,  or  it  may  (for  instance,  if  a  quantity  of  the 
gas  has  been  generated  and  is  suddenly  mixed  with  air)  become  an  explosion. 
Both  processes,  and  irregular  forms  of  combustion  to  be  classed,  as  it  were,  be- 
tween them,  were  observed  in  these  experiments.  Fortunately  the  former  is  the 
usual  one. 

"Very  significant  were  the  results  obtained  by  scattering  some  kinds  of  coal-dust 
over  20,  30,  or  40  meters  instead  of  10.  Of  two  of  the  most  dangerous,  it  was  evi- 
dent that,  once  kindled  by  a  blown-out  shot,  the  flame  would  go  as  far  as  there  was 
any  dust,  and  would  burn  with  detonation.  Other  coal-dusts  were  found  incapable 
of  giving  a  lengthened  flame,  no  matter  how  far  beyond  the  10  meters  they  were 
strewed. 

"  The  chemical  composition  of  the  coal  plays,  of  course,  an  important  part ;  yet 
it  is  impossible  to  say  positively  that  coals  containing  less,  for  instance,  than  16  to 
20  per  cent,  of  volatile  matter  are  safe.  It  is,  however,  true  that  the  coals  richest 
in  gas  show  the  most  intense  phenomena  of  ignition  up  to  a  certain  point.  This 
point,  in  the  analyses  given,  seems  to  be  about  22  per  cent.  A  coal  containing  27 
per  cent,  of  volatile  matter  showed  less  than  half  as  much  increase  of  flame-length 
as  one  containing  22  per  cent.  The  latter  percentage  (or  say  from  16  to  24  per 
cent.)  characterizes  a  class  of  coals  which  make  much,  and  very  fine  dust;  and  this 
fineness  has  no  doubt  much  to  do  with  the  behavior  of  the  material.  Finally,  it 
has  been  proved  that  the  rapidity  with  which  a  coal  yields  its  gas  is  not  in  exact 
proportion  to  the  amount  it  contains.  The  richest  coals  do  not  lose  their  volatile 
constituents  most  quickly  when  heated  ;  and  it  is  evident  that  this  readiness  to  part 
with  volatile  constituents  must  be  of  supreme  influence  in  the  case  under  considera- 
tion. 

"So  much  for  the  experiments  upon  coal-dust  alone.  These  bear  most  directly 
upon  the  disputed  questions  involved.  But  no  adequate  comprehension  of  the  real 
dangers  to  be  feared  in  practice  can  be  acquired  without  a  s'udy  of  the  equally  care- 
ful experiments  with  fire-damp,  and  with  fire-damp  in  the  presence  of  coal-dust. 
The  latter  invariably  showed  an  increase  of  intensity  in  all  observed  phenomena. 
Thus,  to  take  a  single  case,  15  kilogrammes  of  coal-dust,  strewed  along  10  meters 
of  the  gallery,  and  ignited  with  a  clay-tamped  shot,  gave  the  following  results  as 
the  percentage  of  fire-damp  in  the  atmosphere  was  increased  : 
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0, 15.0  0.70 

1 15.0  0.90 

2, 7  15.5  1.00 

3 19.5  1.25 

4, 24.5  2.30 

5, \    _  .    .      J  35.0  3.30 


>  explosives 


6, J  1 41.0  over  14.00 

"It  is  therefore  not  improbable  that  dusts  which  are  safe  in  the  absence  of  fire- 
damp may  be  rendered  dangerous  in  its  presence. 

"  Among  the  latest  experiments  mentioned  in  this  report  were  those  conducted  by 
means  of  the  branch  gallery,  in  which  a  confined  explosive  gas-mixture  was  ex- 
ploded by  the  secondary  effect  of  an  explosion,  produced  in  the  main  gallery,  of  a 
mixture  containing  only  5  percent,  of  fire-damp,  and  hence  not  explosive  per  se, 
but  rendered  so  by  the  presence  of  coal-dust.  In  this  case,  both  the  first  explosion 
and  the  communication  of  it  to  the  second  mixture  in  the  side  gallery  were  the  work 
of  the  coal-dust. 

"The  following  points  are  considered  to  have  been  established  : 

"1.  The  presence  of  coal-dust,  with  or  without  small  quantitiesof  fire-damp,  always 
increases  the  length  of  the  flame  from  a  blown-out  shot. 

"  2.  When  fire-damp  is  wholly  absent,  this  prolongation  of  flame  is  usually  limited, 
not  exceeding  6  to  15  meters  for  most  varieties  of  dust  when  clay-tamping  is  used, 
and  when  the  sides  of  the  bore-hole  do  not  themselves  yield  coal-dust  and  gas,  or  9 
to  21  meters  when  dust  is  used  for  tamping,  or  is  produced  by  the  hole  itself.  But 
there  are  coal-dusts  which,  once  ignited  by  a  shot,  burn  on  spontaneously,  giving 
flame  far  beyond  the  locality  strewed  with  the  dust,  and  sometimes  actually  produc- 
ing explosions,  where  no  fire-damp  is  traced. 

"  3.  Small  proportions  of  fire-damp  render  the  combustion  more  intense.  Fire- 
damp up  to  3  per  cent,  moderately  lengthens  the  flame  of  the  dusts  giving  but  a 
short  flame  without  it.  But  4  per  cent,  and  upward  of  fire-damp  prolongs  such 
flames  indefinitely;  while  the  most  dangerous  dusts,  even  in  small  quantity  and  in 
an  atmosphere  containing  less  than  3  per  cent,  of  fire  damp,  give  real  explosions. 

"4.  Secondary  explosions  may  be  caused  by  coal-dust,  in  the  manner  described 
above." 

Continued  Discussion. 

(Bridgeport  Meeting,  October,  1894.) 

R.  W.  Raymond,  New  York  City  :  In  connection  with  this  sub- 
ject, I  would  call  attention  to  a  book  just  published,*  the  author  of 
which,  Mr.  Donald  M.  D.  Stuart,  is  a  mining  engjneer  of  Bristol, 
England.     It  contains  a  thorough  discussion  of  the  explosion  which 

*  Coal  Dust  as  an  Explosive  Agent,  as  shown  by  an  Examination  of  the  Camerton 
Explosion.  By  Donald  M.  D.  Stuart,  F.G.S.,  Mining  and  Civil  Engineer.  New 
York,  Spon  and  Chamberlain,  1894.     Small  4to.,  103  pp.;  7  large  plates. 
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occurred  in  November,  1893,  at  the  Camerton  collieries  in  Somerset- 
shire, and  possesses  special  interest  and  value,  not  only  by  reason  of 
its  exhaustive  character,  but  also  because  the  explosion  referred  to 
occurred  in  a  mine  free  from  fire-damp,  and  is  presumed  to  have 
been  due  to  coal-dust  alone.  The  accident  afforded,  therefore,  a 
peculiarly  favorable  opportunity  for  studying  the  phenomena  of 
coal-dust  explosion. 

I  shall  not  undertake  here  to  describe  or  discuss  in  detail  the  cir- 
cumstances of  this  case,  or  Mr.  Stuart's  elaborate  and  ingenious 
argument  in  support  of  the  theory  he  proposes ;  but  I  believe  a 
brief  summary  of  his  method  and  conclusions  will  be  interesting  to 
members  of  the  Institute,  and  will  induce  many  to  procure  the  book 
itself  for  more  careful  study. 

The  two  Camerton  collieries  are  situated  about  seven  miles  from 
Bath,  and  have  been  worked  extensively,  on  six  separate  coal-seams, 
for  a  hundred  years.  The  faulted  geological  structure  of  the  field, 
the  subsidence  of  large  areas  of  roof,  and  the  extensive  goaves  result- 
ing from  the  operations  of  a  century,  combine  to  furnish  the  most 
favorable  conditions  for  the  collection  of  fire-damp,  if  it  were  ever 
generated  in  the  coal  or  rocks  ;  but  this  gas  has  never  beeu  discov- 
ered, either  before  or  since  the  explosion  of  last  November.  The 
Camerton  collieries,  like  all  the  others  of  the  Radstock  district,  have 
been,  and  still  are,  operated  with  naked  lights  exclusively.  These 
facts  seem  to  preclude  the  hypothesis  that  the  explosion  was  due  to 
fire-damp;  and  this  conclusion  is  confirmed  by  the  fact  that  no  car- 
bonic acid  was  detected  in  the  gas  produced  by  the  explosion.  Cer- 
tain phenomena,  observed  in  the  workings  afterwards,  pointed  also 
in  the  same  direction. 

By  a  thorough  analysis  of  all  the  observed  facts,  Mr.  Stuart 
reaches  the  conclusion,  that  there  was  a  series  of  ten  successive  ex- 
plosions, which  originated  in  a  shot  fired  with  gunpowder,  and  were 
propagated  279  yards  with  the  air-current  and  1278  yards  against 
it.  For  the  initiation  and  propagation  of  these  phenomena,  he  pro- 
poses the  explanation,  that  the  heat  developed  by  the  explosion  of 
the  gunpowder  was  sufficient  to  distil  the  coal-dust  in  the  immediate 
neighborhood,  and  even  to  dissociate  the  hydrocarbons  thus  set 
free,  leaving  free  hydrogen  as  an  explosive  gas,  and  depositing  car- 
bon-dust; and  that  the  hydrogen,  coming  into  contact  with  oxygen 
in  the  air-current,  suffered  an  explosive  combustion,  which  generated 
fresh  heat  sufficient  to  distil  and  dissociate  a  new  body  of  gas — this 
reaction  occurring  again  and  again,  until  so  much  heat  had  been  lost 
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en  route  that  the  process  could  not  repeat  itself.  The  theory  is  sup- 
ported by  detailed  chemical  evidence  and  heat-calculations,  based 
upon  the  researches  of  Sir  Frederick  Abel  and  Sir  Andrew  Noble, 
into  the  temperatures  and  products  of  fired  gunpowder,  and  the  ex- 
perimental investigations  of  Prof.  Victor  Meyer,  of  Heidelberg 
University,  and  Prof.  Vivian  Lewes,  of  the  Royal  Naval  College, 
Greenwich,  into  the  temperatures  of  ignition  of  various  hydrocar- 
bons, and  the  results  of  subjecting  these  bodies  to  exalted  tempera 
tures.  Concerning  this  argument,  I  will  not  express  an  opinion  here. 
The  conclusion  is  certainly  novel  and  startling.  Free  hydrogen  has 
not  been  conceived  hitherto,  so  far  as  I  know,  to  be  present  in  the 
explosive  gases  of  coal-mines ;  and  the  proposition  that  it  may  be 
produced  by  the  simple  heat  of  an  ordinary  shot,  and  may  become 
the  agent  of  an  aggregate  effect  far  exceeding  the  mechanical  energy 
of  the  shot  itself,  challenges  close  and  skeptical  criticism. 

Apart  from  the  theoretical  difficulties  of  the  problem,  the  practi- 
cal question  at  once  arises:  If  Mr.  Stuart's  theory  of  this  case  is  cor- 
rect, how  are  we  to  explain  the  fact  that  no  previous  shot,  in  these 
collieries  or  in  any  others,  is  known  to  have  initiated  such  a  coal- 
dust  explosion  ?  In  its  final  report  (1886),  the  first  British  Royal 
Commission  on  this  subject  says  very  sensibly  : 

"If  coal-dust  were  the  principal  agent  in  coal-mine  explosions,  every  blown-ou^ 
shot,  occurring  in  a  very  dusty  and  dry  mine,  should  actually  be  attended  by  a  more 
or  less  disastrous  explosion  or  conflagration;  and  looking,  therefore,  to  the  enor- 
mous amount  of  powder  expended  in  shot-firing  in  this  and  other  countries,  and  to 
the  not  inconsiderable  proportion  which  blown-out  shots  must  constitute  in  many 
localities  of  the  total  number  of  shots  fired,  disastrous  coal-mine  explosions  should 
be  of  more  than  daily  occurrence  if  this  view  were  correct." 

Mr.  Stuart  observes  that  this  conclusion  now  requires  to  be  re- 
vised ;  and  there  is  no  doubt  that  he  has  made  out  a  strong  case. 
But  it  is  evidently  an  exceptional  one  ;  and  the  determination  of 
its  exceptional  conditions  is  of  the  highest  importance.  This  point 
is  emphasized  by  the  remarkable  fact  that  the  coal-dust  from  this 
district  was  tested,  not  long  before  the  Camerton  explosion,  by  Mr. 
H.  Hall,  whose  report  (1893)  to  the  Royal  Commission,  shows  that 
eight  experiments  failed  to  produce  explosive  ignition.  In  these 
experiments,  coal-dust  was  scattered  into  an  old  shaft,  free  from  fire- 
damp, and  a  cannon,  charged  with  1J  pounds  of  gunpowder  and 
lightly  tamped  with  an  equal  volume  of  coal-dust,  was  fired  up  the 
axis  of  the  shaft  into  the  dust-laden  air. 

The  only  explanation  which  Mr.  Stuart  has  to  offer  concerning  the 
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different  behavior  of  the  coal-dust  in  the  Caraerton  collieries,  at  the 
time  of  the  accident,  is  the  following: 

"  Probably,  llie  two  important  changes  at  these  collieries  in  recent  years  have 
been  in  the  ventilation  and  the  production  of  coal.  Larger  currents  of  air  now 
pass  through  the  ordinary  roads  at  much  higher  velocities  than  heretofore.  The 
output  of  coal  has  also  been  considerably  increased  ;  therefore,  the  larger  number 
of  loaded  trams,  in  their  progress  from  the  coal-faces  to  the  down-cast  shaft,  are 
swept  by  the  opposing  and  accelerated  currents  of  air.  Coal-dust  is,  consequently, 
disengaged  and  deposited  in  the  roads,  and  the  air  in  passing  over  it  evaporates  the 
moisture  and  raises  it  to  a  dry  and  sensitive  condition.  The  deposits  of  dust  have, 
therefore,  become  greater  in  quantity  and  more  sensitive  in  character  in  recent 
years,  and  these  conditions  have  been  set  up  without  any  features  to  attract  notice. 
The  failure  of  the  drastic  tests  to  obtain  explosive  phenomena  with  the  coal-dust  of 
the  district,  only  a  few  months  before  the  explosion,  would  also  naturally  divert 
attention  from  the  subject." 

The  analysis  of  the  Camerton  coal  shows  33.55  per  cent,  of  volatile 
products,  and  the  coal  yields,  per  ton,  11,134  cubic  feet  purified  illu- 
minating gas  of  18-candle  power,  when  burned  in  the  "  London 
Argand,"  at  the  rate  of  5  cubic  feet  per  hour.  The  large  volume 
and  high  illuminating-power  of  the  gas  indicates,  as  Mr.  Stuart  says, 
that  "  the  coal-dust  was  a  favorable  material  for  yielding  a  gaseous 
mixture,  and  contained  a  good  proportion  of  the  higher  hydrocar- 
bons in  the  ascending  scale  of  explosive  combustion."  But  the  ma- 
terial does  not  appear  to  be  exceptional  in  these  respects. 

Thorough  watering  of  the  coal-dust  in  the  vicinity,  before  firing 
a  shot,  is  pronounced  by  Mr.  Stuart  to  be  probably  the  most  effective 
precaution  known  at  the  present  time.  But  he  adds,  that  a  mere 
dampening  of  the  surface  would   probably  not  be  sufficient. 

Whether  Mr.  Stuart's  chemical  theory  be  correct  or  not,  the  fact 
remains,  that  a  serious  coal-dust  explosion  has  taken  place  in  a  col- 
liery supposed  to  be  entirely  exempt  from  such  a  peril;  and,  I 
heartily  agree  with  the  following  passage,  which  I  quote  from  a  pri- 
vate letter  of  the  author  of  this  book  : 

"There  is  still  a  weight  of  opinion,  that  coal-dust  itself  is  not  dangerous,  espec- 
ially in  non-gaseous  mines,  which  derives  strength  from  the  fact  that  explosions  in 
such  mines  are  rare.  But  one  has  occurred,  and  we  know  not  how  soon  others 
may  follow;  and  with  such  calamities  as  the  recent  Albion  explosion,  with  its 
death-roll  of  290  victims,  hanging  over  well-equipped  and  well  managed  collieries, 
I  beg  your  support  in  drawing  attention  to  the  investigations  and  thoughts  advanced 
in  my  volume,  so  that  they  may  be  read  and  considered,  to  ascertain  if,  haply,  they 
may  be  found  to  elucidate  the  condition,  and  thereby  suggest  the  remedies,  for  this 
grave  danger  to  colliery  enterprises  everywhere." 

David  T.  Day,  Washington,  D.  C. :  The  book  of  Mr.  Donald 
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M.  D.  Stuart,  on  Coal-Dust  as  an  Explosive  Agent,  is  most  admira- 
ble for  the  detailed  record  of  the  eccentric  effects  of  the  explosion 
with  which  it  deals.  This  occurred  in  a  bituminous  coal-mine  at 
Camerton,  England,  where  fire-damp  has  been  proved  absent  during 
the  many  years  since  the  colliery  was  opened.  Part  of  the  mine 
was  dry  and  very  dusty ;  part  was  damp.  The  explosion  took  place 
in  a  dry  portion.  There  was  nothing  but  coal-dust  to  cause  the 
explosion.  The  interesting  point  to  be  explained  is  why  a  certain 
gunpowder-blast  produced  an  explosion  of  the  dust,  and  why  count- 
less previous  blasts  had  never  caused  an  explosion. 

It  is  evident  that  the  particular  blast  which  effected  the  disaster 
differed  from  others  (1)  in  being  a  partially  "blown-out"  shot,  and 
(2)  in  having  its  axis  so  directed  that  the  blown-out  shot  was  dis- 
charged into  dry,  fine  coal-dust  at  very  short  range.  The  studies 
of  Mr.  Stuart  demonstrate  this  clearly,  and  thus  add  valuable  data 
to  this  perplexing  subject.  The  writer  goes  much  farther,  however, 
in  developing  an  elaborate  theory  as  to  just  how  the  coal-dust 
behaved  during  the  explosion.  This  portion  of  the. book  adds  to 
the  general  interest  by  its  ingenuity  ;  but  I  cannot  see  that  the  data 
bear  any  proportion  to  the  theory. 

No  one  who  reads  the  book  will  doubt  that  Mr.  Stuart  considers 
the  distillation  of  the  volatile  matter  of  the  coal  by  the  explosion  of 
the  gunpowder  to  be  the  principal  condition  of  the  explosion,  and, 
further,  that  the  distilled  hydrocarbons  were  essentially  dissociated 
into  hydrogen  and  soot.  He  considers  that  this  hydrogen  travelled 
more  than  one  hundred  yards  and  then  exploded.  There,  its  explo- 
sion distilled  more  coal  and  furnished  gases  for  more  explosions. 
This  theory  is  developed  from  (1)  the  fact  that  the  explosion  was 
very  violent  at  particular  points  and  of  comparatively  slight  violence 
at  others  ;  (2)  the  observation  that  a  cotton  bag  which  contained 
food,  and  which  was  left  in  a  refuge-hole,  was  not  so  much  burnt  as 
to  destroy  its  texture;  and  (3)  the  statement  that  carbonic  acid  was 
not  found.  Mr.  Stuart  argues  that  if  the  bag  was  not  completely 
burned,  there  could  not  have  been  any  flame;  and  that,  carbonic 
acid  not  being  found,  the  only  product  of  combustion  must  have 
been  water  ;  therefore,  hydrogen  must  have  been  the  explosive  gas, 
which  is  traced  to  the  coal-dust  by  the  hypothesis  of  distillation. 
But,  as  a  matter  of  fact,  carbonic  acid  may  have  been  present  in 
considerable  quantity,  escaping  notice  because  it  was  not  carefully 
looked  for.  The  only  evidence  of  its  absence  is  the  fact  that  there 
was  not  enough   to  extinguish  the   lights  of  the  exploring-party, 
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several  hours  after  the  explosion.  The  statement  as  to  the  absence 
of  carbonic  acid  is  therefore  not  well  founded,  and  this  is  disap- 
pointing after  the  laborious  citations  of  authorities  on  heat-phe- 
nomena, gunpowder-explosions,  etc. 

A  simpler  explanation  of  the  explosion  would  seem  to  me  to  be 
that  the  flame  from  the  gunpowder  set  fire  to  the  coal-dust  in  the 
presence  of  a  considerable  amount  of  air  in  the  well-ventilated 
tunnel.  This  burning  kept  up  along  the  tunnel,  and  was  not  very 
violent,  because  the  combustion  was  incomplete,  and  the  air  and 
dust  were  not  well  mixed.  Where  the  mixing  was  more  complete, 
the  explosions  were  more  violent. 

Such  a  theory  would  do  something  toward  explaining  why  this 
shot  produced  the  explosion  when  all  the  others — especially  a 
heavier  shot  earlier  in  the  same  night — had  not  done  so.  The  axis 
of  this  earlier  shot  was  directed  more  nearly  in  the  line  of  the 
tunnel,  and  it  did  not  blow  out,  so  that  its  contents  were  cooled 
before  it  struck  the  mass  of  dust. 

The  observation  that  the  food-bag,  35  yards  away,  was  only  car- 
bonized, does  not  seem  to  me  to  prove  that  flame  was  absent.  In 
the  first  place,  it  was  out  of  the  direct  line  of  the  explosion,  in  a 
"refuge-hole"  in  one  side  of  the  tunnel,  and  its  condition  is  of  no 
great  significance,  especially  if  we  suppose  the  combustion  to  have 
been  incomplete.  From  such  incomplete  combustion,  carbon  mon- 
oxide would  be  expected  as  the  main  product.  Mr.  Stuart  ventures 
the  statement  that  carbon  dioxide  is  an  essential  product  of  the  ex- 
plosion of  hydrocarbon  gases,  although  it  is  well  known  that  these 
products  may  vary  from  water  and  carbon  dioxide,  as  products  of 
complete  combustion,  to  mixtures  in  various  proportions  of-  hydro- 
gen, solid  hydrocarbons  mixed  with  free  carbon  (soot),  unburnt 
gaseous  hydrocarbons,  carbon  in  the  form  of  coke,  carbon  monoxide, 
carbon  dioxide,  water,  etc.,  according  to  the  stage  of  incompleteness 
of  the  combustion.  We  recognize  it  as  impracticable  to  produce 
even  experimentally  any  single  product  such  as  hydrogen  (which 
Mr.  Stuart  claims)  as  the  result  of  distillation,  except  by  heating  for 
a  considerable  length  of  time  at  the  highest  temperature  attainable. 
It  is  not  necessary  to  use  such  a  complicated  distillation-theory  to 
explain  the  presence  of  soot,  the  common  indicator  of  incomplete 
combustion,  i.e.,  a  smoky  flame.  As  the  explosion  proceeded,  its 
heat  must,  of  course,  have  distilled  some  of  the  coal-dust ;  but  it 
should  be  noted  that,  after  long  heat-calculations,  Mr.  Stuart  admits 
that  the  slight  amount  of  heat  in  the  gunpowder  would  only  account 
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for  a  trifling  percentage  of  (he  energy  necessary  to  carry  the  gases 
to  the  place  where  he  supposes  the  first  explosion  to  have  taken 
place.  He  admits  that  some  combustion  must  have  taken  place, 
but  he  prefers  to  leave  in  the  background  this  source  of  nearly  the 
whole  effect. 

It  appears  to  me  that  Mr.  Stuart's  theory  is  unnecessary,  and  by 
suggesting  a  simpler  though  certainly  less  interesting  explanation  of 
the  method  of  the  explosion,  I  hope  that  the  reader  will  be  less 
diverted  from  the  valuable  lesson  of  the  disaster,  which  seems  to  be 
that  a  blown-out  shot,  discharged  at  short  range  into  a  mass  of  dry 
dust,  may  produce  an  explosion.  The  violence  of  this  depends 
upon  the  completeness  of  the  combustion.  It  is  most  violent  when 
the  partially  burned  gaseous  products  become  more  thoroughly 
mixed  by  diffusion,  eddying,  etc.,  and  form  gaseous  detonating  mix- 
tures with  the  usual  violent  results.  This  explanation  would 
not  necessarily  exclude  anthracite  coal-dust,  as  Mr.  Stuart's  theory 
does. 

W.  F.  Durfee,  West  New  Brighton,  Staten  Island  :  I  fully 
agree  with  Dr.  Day's  general  conclusions  in  this  matter,  and,  apro- 
pos of  the  whole  subject,  I  am  reminded  of  the  explosion  of  flour- 
dust  in  the  great  Washburn  mill  in  Minneapolis,  which  occurred 
May  2,  1878. 

This  mill  was  one  of  the  largest  in  the  country.  The  walls  were 
of  stone,  seven  feet  thick  at  the  bottom;  yet  instantly  that  enormous 
fabric  was  a  wreck.  The  proprietor  of  the  mill  employed  Prof.  L. 
W.  Peck  to  make  a  careful  study  of  the  disaster;  and  his  conclusion 
was  that  it  resulted  from  the  ignition  and  explosive  combustion  of 
the  flour-dust  with  which  the  atmosphere  of  the  mill  was  surcharged. 
He  tried  a  number  of  experiments  which  fully  justified  that  conclu- 
sion. He  used  carbonaceous  dust  of  various  kinds,  sugar-dust, 
charcoal-dust  and  flour-dust,  which  he  placed  in  a  strong  box  and 
then  fastened  down  the  lid  of  the  box.  In  every  instance,  when 
flame  was  used  for  ignition,  the  lid  was  blown  off  with  a  violence  of 
explosion  in  proportion  to  the  amount  of  dust  present  in  the  atmos- 
phere of  the  box. 

In  a  lecture  delivered  by  Prof.  Peck  he  gives  the  following  illus- 
tration : 

"If  a  large  log  of  wood  were  ignited  it  might  be  a  week  before  it  would  be  en- 
tirely consumed.  Split  it  up  into  cord  wood  and  pile  it  up  loosely  it  would  burn 
in  two  hours.  Split  it  up  into  kindling  wood,  pile  it  up  loosely  and,  perhaps,  it 
would  burn  in  less  than  an  hour.     Cut  it  into  shavings  and  allow  a  strong  wind 
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to  throw  them  in  the  air,  or  in  any  way  keep  the  chips  comparatively  well  sepa- 
rated from  each  other,  and  the  log  would,  perhaps,  he  consumed  in  two  or  three 
minutes.  Or,  finally,  grind  it  up  into  a  fine  dust,  as  powder,  hlow  it  in  such  a 
manner  that  each  particle  is  surrounded  with  air,  and  it  will  burn  in  less  than 
a  second." 

In  the  matter  of  the  explosion  at  the  Pocahontas  mine  some 
years  ago  (March  13,  1884),  Messrs.  J.  H.  Brarawell,  Stuart  M. 
Buck  and  Edward  H.  Williams,  Jr.  (a  committee  appointed  by 
the  President  of  this  Institute,  see  Trans.,  xiii.,  pp.  237  to  249),  re- 
ported :  "  We  have  obtained  no  direct  proof  of  any  past  occurrence 
of  fire-damp  sufficient  of  itself  to  account  for  even  a  slight  explo- 
sion and  are  forced  to  believe  that  the  explosion  was  due  either  to 
dust  alone  or  to  dust  quickened  by  an  admixture  of  fire-damp  too 
slight  for  detection  by  any  ordinary  means." 

The  statement  of  this  committee  (page  248)  that  in  two  instances 
"a  body  of  flame  has  been  described  as  flashing  back  60  to  100  feet 
from  the  head  of  an  entry,  following  the  firing  of  a  shot,  without 
injury  to  the  men,"  calls  to  mind  an  explosion  which  occurred  in  a 
confectionery  establishment  in  Barclay  street,  New  York,  a  few 
years  previous  to  that  in  the  Washburn  mill.  The  investigation  by 
the  coroner  did  not  result  in  any  satisfactory  conclusion ;  but  it  was 
in  evidence  that  several  times,  during  a  period  of  a  year  or  more 
before  the  explosion,  there  had  been  flashes  of  flame  observed  to 
shoot  across  the  floor,  but  no  explosion  followed.  In  the  particular 
instance  under  investigation  it  was  shown  that  the  atmosphere  was 
very  much  filled  with  sugar-dust,  and  the  whole  front  of  the  build- 
ing was  blown  out.  Until  they  had  got  down  to  the  bottom  of  the 
debris,  it  was  supposed  that  the  wreck  was  the  result  of  a  boiler- 
explosion  ;  but  that  was  found  not  to  be  the  case.  There  is  no 
doubt  in  my  mind  that  the  explosion  was  that  of  starch  and  sugar- 
dust  mixed  with  air. 

In  1881,  there  was  an  explosion,  or  rather  a  series  of  explosions, 
in  the  Albion  mine,  which  was  investigated  by  Mr.  Gilpin,  the  In- 
spector of  Mines  for  Nova  Scotia.  The  mine  was  thoroughly  ven- 
tilated, and  an  hour  before  the  explosions  began  was  reported  to  be 
practically  free  from  gas;  yet  Mr.  Gilpin  says: 

"The  explosions  once  begun  were  continued  at  intervals,  until  the  mine  was  all 

aflame  and  had  to  be  flooded On    examining   the  gallery  shortly  after  the 

original  explosion,  dead  bodies  of  men  and  horses  were  found  six  hundred  yards 
from  the  shafts  and  the  wood  work  was  splintered  ;  but  nothing  bore  any  mark 
of  fire,  and  the  conclusion  was  plainly  justified  that  the  flame  of  the  explosion 
had  not  extended  thus  far.     The  walls  of  the  galleries  had  been  swept  clear  of 
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timber  and  had  the  appearance  of  having  been  brushed  with  a  broom.     Volumes 
of  coal-dust  had  been  driven  along  by  tbe  force  of  the  blast  and  lay  in  waves 

and  drifts  on  the  floor  of  the  levels It  was  found  that  clouds  of  the  finer 

particles  had  been  carried  to  the  shaft  and  beyond  it  into  the  main  north  level, 
where  a  secondary  explosion  had  taken  place." 

This  secoud  explosion  "  was  half  a  mile  from  the  first,  with  an 
intervening  space  of  at  least  a  quarter  of  a  mile,  known  to  have 
been  free  from  flame."  The  conclusion  is  drawn  "that  the  fine  dry 
particles  were  driven  on  by  the  force  of  the  first  explosion  across 
the  shaft  into  the  '  lamp-cabin,'  where  they  were  ignited  by  the 
lamp,  which  was  kept  burning  openly,  and  thus  caused  the  second 
explosion ;  and  it  is  probable  that  the  same  agency  was  efficient  in 
producing,  or,  at  least,  augmenting,  the  subsequent  explosions  that 
made  it  necessary  to  flood  the  mine." 

The  illustration  of  Prof.  Peck  above  quoted,  suggests  the  burning 
of  ground  or  dust-coal  in  "  the  dust-fuel  furnace,"  into  which  coal- 
dust  is  blown  and  consumed  so  rapidly  as  to  furnish  abundance  of 
heat  for  melting  steel  in  its  open  hearth.  Any  one  who  has  studied 
one  of  these  furnaces  in  operation  would  have  no  difficulty  in  be- 
lieving that  a  mixture  of  coal-dust  and  air,  if  in  sufficient  volume, 
would  explode  disastrously  when  ignited.  After  all,  what  we  call  ex- 
plosion is  but  exceedingly  rapid  combustion ;  and  gunpowder  owes 
its  efficiency  as  an  explosive  to  the  fact  that  every  particle  of  char- 
coal-dust has,  in  the  niter  surrounding  it,  the  oxygen  to  cause  its  ex- 
cessively rapid  or  explosive  combustion. 

William  Kent,  Passaic,  N.  J. :  Suppose  we  admit  the  possi- 
bility of  the  truth  of  the  theory  of  Mr.  Stuart  that  the  hydro- 
carbon gas  could  be  dissociated  into  hydrogen  and  solid  carbon,  and 
that  the  hydrogen  went  on  until  it  met  a  body  of  air  and  exploded 
with  it.  It  is  reasonable  to  suppose  that  that  body  of  hydrogen 
when  it  exploded  would  generate  heat  which  would  distill  another 
body  of  gas  from  the  surrounding  coal  and  would  distill  it  as  hydro- 
carbon gas.  Suppose  the  heat  were  sufficient  to  dissociate  this  gas 
into  hydrogen  and  solid  carbon,  yet  around  the  margin  where  this 
heated  gas  must  have  been  cooled  by  the  comparatively  cold  body 
of  the  mine  the  temperature  could  not  at  all  rise  to  that  of  disso- 
ciation. At  this  point,  if  the  gases  were  burned  at  all,  carbonic 
oxide  or  carbonic  acid  would  have  been  formed.  It  is  perfectly  in- 
conceivable that  there  could  be  an  explosion  creating  such  an  in- 
tensely high  temperature  everywhere  up  to  the  margin  of  the  walls, 
which  would  absolutely  deposit  all  of  the  carbon  in  that  hydro- 
carbon gas  and  leave  none  of  it  to  be  burned  as  hydrocarbon.  I 
vol.  xxiv. — 58 
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think  it  a  sufficient  theory  to  suppose  that  the  solid  coal  was  distilled 
into  hydrocarbon  gas,  which  may  be  done  at  quite  a  low  tempera- 
ture (some  hydrocarbon  gases  are  generated  at  a  low  degree  of  heat), 
that  these  hydrocarbons  were  burned  in  the  ordinary  way  into  car- 
bonic oxide  or  carbonic  acid,  and  that  one  or  the  other  of  these  gases 
must  have  been  there,  although  it  was  not  found.  It  seems  reason- 
able to  suppose  that  after  the  explosion  there  would  be  great  cur- 
rents of  air  rushing  in  and  sweeping  out  the  gases  of  combustion 
and  that  the  parties  who  went  to  get  samples  of  the  gas  afterwards 
did  not  find  carbonic  oxide  or  carbonic  acid  and  that  they  may  have 
been  there  immediately  after  the  explosion. 

But  I  think  that  the  successive  explosions  may  be  accounted  for 
without  the  hypothesis  of  the  dissociation  of  CH4  as  follows : 

The  first  explosion  would  take  place  at  a  point  where  there  ex- 
isted an  explosive  mixture  of  CH4  and  air,  and  would  extend  no 
further  than  the  point  at  which  the  air  did  not  contain  enough  gas 
to  be  explosive.  The  resulting  gases  of  combustion  would  form 
a  hot  wave  of  C02  and  nitrogen,  which  would  drive  ahead  of  it  the 
mass  of  cold  air.  This  intensely  hot  wave,  in  passing  over  broken 
coal  and  dust,  would  distil  out  a  fresh  supply  of  CH4,  which,  how- 
ever, would  not  immediately  burn  because  surrounded  by  incombus- 
tible gases,  but  would  be  swept  along  with  the  wave.  Finally,  by 
the  rolling,  tumultuous  motion  of  the  wave,  a  body  of  CH4  might 
become  mixed  with  the  air  in  front,  and  ultimately  be  fired  by  contact 
with  a  still  hot  portion  of  the  gases  of  combustion.  The  explosion 
which  would  immediately  result  would  generate  another  body  of  hot 
C02  and  N,  which  would  proceed  as  before. 

(Later  communication  to  the  Secretary.)     Having  had  an  oppor- 
tunity to  read  carefully  Mr.  Stuart's  book,  I  offer  a  few  additional 
comments  upon  it. 
«    On  page  44  he  says : 

"These  activities  would  leave  the  atmosphere  in  their  rear  in  an  attenuated  con- 
dition, and  when  jSio.  1  gaseous  explosion  occurred,  there  would  be  an  instantaneous 
rush  into  this  attenuated  atmosphere,  driving  the  intumescent  dust  that  had  not 
subsided  against  the  thin  opposing  faces  of  the  timber." 

The  atmosphere  was  probably  not  "  attenuated,"  but  rather  a 
plenum,  due  to  increased  pressure  caused  .by  combustion  of  the 
gases.  The  dust  would  be  as  likely  to  be  deposited  on  the  off-sides 
of  timbers,  through  eddies  iu  the  currents,  as  through  being  driven 
against  them  by  the  current. 
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Again,  on  page  53,  the  author  says  : 

"If  it  be  remembered  that  the  temperature  of  the  exploded  gunpowder  largely 
exceeded  the  highest  point  touched  in  Prof.  Lewes's  experiments,  the  character  of 
the  gaseous  body  produced  from  the  coal-dust  becomes  revealed." 

The  argument  is  that  hydrogen  was  formed.  Prof.  Lewes's  ex- 
periments showed  that,  at  1500°  C, 

Methane  is  decomposed  into  78.66  H,  19.22  hydrocarbons. 

Ethane  is  decomposed  into  73.35  H,  20.62  hydrocarbons. 

Ethylene  is  decomposed  into  62.68  H.  27.80  hydrocarbons. 

The  argument  depends  upon  a  calculation  of  the  temperature  of 
exploding  gunpowder  (p.  76),  about  2231°  C. 

Mr.  Stuart  does  not  seem  to  take  into  account  the  dilution  of  the 
products  of  explosion  of  gunpowder  by  the  surrounding  air,  and 
their  consequent  cooling,  nor  the  cooling  due  to  the  distillation  of  the 
hydrocarbons  of  the  coal,  to  say  nothing  of  the  further  cooling  by 
the  dissociation  of  the  hydrocarbons,  if  any  such  dissociation  there 
was. 

The  distillation  of  hydrocarbons  from  coal,  and  their  dissociation 
into  H  and  C  in  a  chamber  kept  at  a  high  temperature,  which  sup- 
plies the  heat-units  absorbed  by  distillation  and  dissociation,  is  a 
very  different  thing  from  what  is  likely  to  take  place  in  a  large  open 
chamber,  full  of  cool  air  and  surrounded  by  cool  walls. 

On  page  38  it  is  stated  that  the  quantity  of  heat  generated  by  the 
explosive  combustion  of  the  charge  of  gunpowder  in  No.  2  shot  was 
354.375  X  516.8  or  183,141  units  of  heat.  This  looks  large,  being 
expressed  in  gramme-centigrade  heat-units,  but  translated  into 
British  thermal  units  (1  gramme-calorie  =  .00397  British  thermal 
units),  it  amounts  to  only  727  British  thermal  units,  or  less  than 
enough  to  boil  1  pound  of  water. 

The  temperature  of  the  products  of  combustion  of  this  No.  2 
shot  "  is  found  to  be  2896°  C."  (p.  37).  This  is  the  result  of  a 
theoretical  calculation,  dividing  the  heat-units  due  to  the  combus- 
tion by  the  heat-units  required  to  raise  the  temperature  of  the 
products  of  combustion  1°  C.  But  the  products  of  combustion  are 
not  all  that  is  heated  by  the  heat  generated  in  the  explosion.  As 
soon  as  formed,  they  are  discharged  into  the  surrounding  air,  which 
is  heated  by  them,  while  they  are  correspondingly  cooled. 

The  argument  of  the  book,  tending  to  show  that  the  explosions 
were  the  result  of  the  burning  of  hydrogen  dissociated  from  the 
hydrocarbon  gases  of  the  coal,  and  not  of  the  direct  burning  of  these 
gases  themselves,  rests : 
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(1)  Upon  a  theory  or  calculations  showing  a  temperature  follow- 
ing the  explosion  of  the  gunpowder  sufficient  to  cause  dissociation. 
This  theory,  I  think,  the  author  fails  to  prove. 

(2)  Upon  the  non-discovery  of  CO,  after  the  explosion.  The  at- 
tempt to  discover  C02  does  not  appear  to  have  been  made  until 
eight  hours  after  the  explosion  (p.  62),  the  full  force  of  the  intake- 
current  having  been  directed  into  the  body  of  stagnant  gases.  The 
gaseous  mixture  that  filled  the  roads  was  suffocating,  pungent,  and 
irritating.  How  would  burning  H  produce  such  a  mixture?  It 
was  probably  CO,  C02,  and  S02,  with  pyrol igneous  acid,  or  some 
such  substance  produced  by  partial  distillation  of  the  timbers.  The 
failure  to  discover  C02  by  the  appearance  of  the  lights  eight  hours 
after  the  explosion,  and  after  the  full  forces  of  the  intake-current 
had  been  directed  into  the  stagnant  gases,  does  not  prove  that  C02 
did  not  exist  immediately  after  the  explosion. 

While  it  is  difficult  to  accept  the  theory  of  the  author  that  free 
hydrogen  was  formed  during  the  progress  of  the  series  of  explosions, 
and  it  is  probable  that  distillation  of  the  hydrocarbons  and  their 
burning  is  a  sufficient  theory,  this  work  is  of  great  importance  in 
calling  attention  to  the  danger  of  coal-dust,  even  in  a  mine  supposed 
to  be  free  from  gas. 

A.  R.  Ledoux,  Xew  York  City :  It  may  be  interesting,  since  the 
well-known  fact  of  the  explosions  of  flour-mills  has  been  men- 
tioned, to  mention  an  explosion,  which  occurred  at  Chicago  some  years 
ago,  in  the  Chicago  Sugar  Refinery,  where  starch  exploded.  In  one 
of  their  departments  they  were  making  dextrine  by  heating  starch 
to  a  high  temperature.  The  room  was  full  of  starch  and  the  dust 
settled  upon  the  cylinders.  It  was  the  duty  of  one  of  the  men  to 
watch  for  fire,  because  when  the  mixture  reached  a  certain  tempera- 
ture there  would  be  a  glow ;  but  no  danger  was  ever  anticipated 
from  it.  Just  before  this  explosion  took  place  the  superintendent 
noticed  behind  one  of  the  rollers  that  the  starch  which  had  fallen 
upon  it  was  glowing,  and  he  took  a  fire-extinguisher  and  turned  a 
stream  of  water  upon  it.  The  stream  made  a  small  spark,  and  in- 
stantly an  explosion  followed,  and  the  whole  building  went  up  and 
a  number  of  men  were  killed.  Fortunately  for  himself  and  for  sci- 
ence, the  superintendent  was  not  killed  and  was  able  to  report  this 
fact. 

Charles  Kirchhoff,  Xew  York  City  :  In  the  manufacture  of 
lignite  briquettes,  which  is  an  important  industry  in  Germany,  and, 
I  believe,  in  Austria  also,  dust-explosions  have  proved  practically 
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troublesome.  A  note  on  the  subject  will  be  found  on  page  1173 
of  the  current  volume  of  the  Zeitsehrift  des  Vereins  Deutscher  In- 
genieure. 

Edward  H.  Williams,  Jr.,  Bethlehem,  Pa. :  The  point  made 
by  Mr.  Stuart  is  not  new.  After  coming  home  from  the  investiga- 
tion of  the  Pocahontas  explosion,  I  had  one  of  my  seniors  collect 
a  lot  of  dusts  of  coals,  with  varying  percentages  of  volatile  matter, 
and  see  how  much  of  that  matter  was  given  off  at  low  temperatures. 
I  had  formed  the  idea  that  the  heat  generated  by  a  blown-out  shot 
was  sufficient  to  disengage  so  great  an  amount  of  gas  as  to  extend 
the  flame  to  the  dust-deposits  on  the  walls  of  the  chamber  and  to 
retain  sufficient  heat  to  discharge  from  those  dusts  sufficient  gas  to 
carry  on  the  work,  as  in  the  Pocahontas  affair  there  were  distinct 
separate  explosions  in  the  chambers  near  the  origin,  although  those 
chambers  were  closed  and  had  no  connection  with  one  another.  To 
be  brief,  we  found  that  the  greater  part  of  the  volatile  matter  was 
given  off  below  a  red  heat.  This  was  checked  about  five  years  ago 
by  another  set  of  experiments;  so  that  I  am  sure  that  certain  coals 
are  dangerous  from  the  fact  that  they  give  up  their  gas  readily  and 
at  once.  We  flashed  the  dust  on  the  walls  at  Pocahontas  with  a 
naked  lamp,  and  one  of  the  miners  said  that  he  thought  for  some 
time  that  he  would  try  to  make  gunpowder  with  such  explosive 
dust,  as  it  would  explode  in  the  cold,  almost. 

There  is  another  fact  about  dust-explosions  that  has  not  been 
much  discussed,  and  that  is  that  20  per  cent,  of  the  after-gas  from 
exploding  gunpowder  is  explosive,  and,  in  a  tight  heading,  this 
alone  may  prolong  the  flame  of  a  blown-out  shot.  This  was  the 
case  at  Pocahontas,  at  a  point  where  there  was  no  dust;  yet  the 
flame  ran  back  120  feet  through  a  heading  with  no  cross-cuts,  where 
the  ventilation  was  by  diffusion  only,  and  set  fire  to  a  keg  of  powder 
and  killed  a  man. 

In  some  of  my  experiments  the  greater  part  of  the  volatile  matter 
went  off  at  heats  so  low  that  they  could  be  called  "  black."  We  do 
not  need  to  suppose  any  separation  into  elements.  The  heat  necessary 
to  such  a  change  would  show  its  presence  iu  the  neighborhood  by 
the  coking  of  the  solid  coal  on  the  surface  of  the  rib;  and,  in  fact, 
if  such  were  to  be  the  case,  we  would  be  on  the  track  of  perpetual 
motion,  for  such  changes  would  go  on  forever. 


918  CLOSE   SIZING   BEFORE   JIGGING. 


CLOSE  SIZING  BEFORE  JIGGING. 

Discussion  of  the  Paper  of  Prof.  Richards.     (See  p.  409.) 
(Virginia  Beach  Meeting,  February,  1894.) 

Henry  Louis,  London,  England  (communication  to  the  Secre- 
tary) :  Prof.  Kichards's  paper  has  impressed  me  as  highly  valuable. 
Without  entering  upon  any  discussion  of  it  as  careful  and  thorough 
as  it  deserves,  I  venture  to  mention  one  or  two  points  which  a  perusal 
of  it  has  recalled  to  my  mind  in  connection  with  my  own  study  and 
practice  of  ore-dressing. 

I  always  mentally  divide  jigging  into  two  phases: 

1.  A  particle  at  rest  on  the  jig-bed  is  lifted  and  carried  upwards 
by  the  rising  current  of  water,  at  an  increasing  velocity,  which  tends 
to  a  maximum.  When  the  upward  current  is  stopped,  the  particle 
continues  to  rise  with  rapidly  diminishing  velocity  until  it  comes  to 
rest.     This  completes  the  first  phase. 

2.  In  the  second  phase,  the  particle  falls  from  its  position  of  rest 
with  an  increasing  velocity  which  tends  again  to  a  maximum,  and 
continues  to  fall  until  the  rising  current  of  water  has  reduced  its 
velocity  to  zero.     This  completes  the  second  phase. 

The  second  phase  will  evidently  be  greatly  modified  by  the  effect 
of  suction,  as  Prof.  Richards  shows;  but  I  do  not  see  that  his  ex- 
periments very  clearly  imitate  the  action  of  the  second  phase.  And 
the  brief  intervals  at  the  end  of  each  phase,  when  the  mineral  par- 
ticle, by  reason  of  its  acquired  velocity,  is  still  moving,  though  in 
opposition  to  the  water- current,  yet  remain  to  be  investigated.  I 
feel  especially,  in  Prof.  Richards's  paper,  a  difficulty  which  I  have 
felt  with  regard  to  all  similar  previous  investigations,  namely,  that 
the  experiments  deal  with  particles  falling  a  long  distance,  when  the 
velocity  becomes  uniform.  I  question  whether  this  uniform  maxi- 
mum velocity  is  attained  in  actual  jigging-practice.  If  so,  it  is  cer- 
tainly for  a  comparatively  very  small  proportion  only  of  each 
stroke.  It  seems  to  me  that  an  investigation  like  that  of  Prof. 
Richards,  but  confined  to  the  first  6  or  8  inches  of  fall  only,  and 
carried  out  with   suitably  delicate  recording-apparatus,  is  what  we 
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really  require  for  the  satisfactory  final  solution  of  the  problem  in- 
volved. 

Perhaps  my  meaning  may  be  made  plainer  by  the  accompanying 
diagram  of  a  jig,  in  which  A  B  represents  the  sieve,  C  D  the  water- 
level,  and  E  the  point  of  discharge.  It  is  clear  that  if  the  heavier 
body  (say,  galena)  delivered  at  D  falls  so  far  during  the  one  phase 
that  it  cannot  be  lifted  above  E  F  in  the  other;  while  the  lighter 
body  (say,  quartz)  either  never  falls  quite  through  the  distance,  D  F, 
or  falls  only  so  far  that  the  other  phase  lifts  it  above  E  F,  then 
perfect  separation  will  be  effected.  Obviously,  all  the  separation 
need  only  take  place  within  narrow  limits  about  the  line  E  F;  and 
hence,  long  distances  of  fall  and  lift  are  beside  the  question.  In 
working,  for  instance,  with  particles  4  mm.  (^  inch)  in  diameter,  the 
jig  would  probably  be  run  at  about  90  strokes  per  minute,  and  each 
phase  would  last  y^-g-  minute  or  ^  second.     According  to  Rittinger, 


Diagram  of  a  Jig. 


a  sphere  of  galena  requires  fully  J  second  to  arrive  at  its  maximum 
falling-velocity,  while  quartz  would  reach  the  same  limit  in  less  than 
^  second.  It  seems  to  follow  that  conclusions  based  on  uniform 
maximum  velocity  only  must,  in  this  case,  be  misleading.  What 
we  really  need  to  know,  as  the  basis  for  any  consistent  theory,  is 
what  occurs  during  each  hundredth  of  a  second  for  the  first  second 
of  lift  or  fall.  With  that  knowledge,  we  should  be  able  to  trace 
the  effect  of  the  jig  on  individual  particles.  But  I  should  not  be 
surprised  to  find  that  the  attraction  of  small  particles  for  each  other 
had  some  effect  in  the  action  of  the  jig;  and  there  are  probably 
numerous  other  disturbing  influences. 

I  fully  appreciate  and  agree  with  the  statement  of  Prof.  Richards 
that  each  mineral  has  its  "individual  personal  equation,"  and  can- 
not be  classified  by  specific  gravity  alone.  I  take  it  that  Prof.  Rich- 
ards does  not  altogether  agree  with  Prof.  Munroe  in  the  condemna- 
tion of  close  sizing.  Personally,  I  have  never  regarded  Prof.  Mun- 
roe's  argument  on  that  question*  as  conclusive,  because  it  seemed  to 
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me  that  the  experiments  on  which  it  was  based  differed  from  actual 
conditions  on  the  jig-bed  in  two  important  particulars:  (1)  his  tubes 
were  fixed,  while  on  the  jig-bed  the  "  tube"  formed  by  larger  parti- 
cles must  be  moving,  and  moving  more  rapidly  than  the  particles 
falling  within  them  ;  and  (2)  his  tubes  were  continuous,  so  that 
water  displaced  by  the  falling  body  could  only  ascend  in  the  space 
between  the  body  and  the  tube,  whereas,  in  the  jig,  water  so  dis- 
placed can  escape  laterally.  These  two  considerations  seem  to  me  to 
invalidate  the  deductions  from  the  experiments,  and  recent  experi- 
ence of  my  own  indirectly  confirms  my  impression.  I  was  getting 
poor  results  from  rough  methods  of  dressing  tinstone,  and  secured 
excellent  efficiency  by  introducing  close  sizing.  The  illustration  is 
not  entirely  pertinent,  because  I  was  rather  huddling  than  jigging; 
but  I  think  it  indicates  the  direction  in  which  one  always  looks,  and 
should  look,  for  improved  work  in  ore-dressing.  My  criticism  of 
Prof.  Mun roe's  argument,  however,  is  purely  theoretical,  and  Prof. 
Richards's  experiments  are,  of  course,  free  from  this  objection. 

The  results  he  has  obtained  as  to  the  utility  of  suction  are  a  great 
surprise  to  me.  I  had  always  looked  upon  suction  in  a  jig  as  inju- 
rious rather  than  beneficial. 

Prof.  Richards  (communication  to  the  Secretary) :  As  to  what 
happens  in  jigging,  including  the  up-and-down  motion  of  the  water 
and  of  the  sand,  while  I  agree  with  much  that  Mr.  Louis  says,  I 
find  some  points  in  which  I  differ.  For  example,  at  the  end  of  the 
second  phase  his  falling  grains  are  brought  to  rest,  preparatory  to 
rising  agaiu,  by  the  action  of  the  pulsion-water.  I  have  never  seen 
a  plunger  or  movable-sieve  jig  in  which  the  whole  sand  was  not  re- 
posing upon  the  sieve  for  about  half  the  time.  The  quick-down- 
slow-up  devices  of  plunger-movement  curtail  the  period  a  little. 
Pulsion-jigs  (the  Setzpumpen  of  Rittinger)  may  remove  entirely  this 
period  of  repose,  according  to  the  quantity  of  water  used. 

It  seems  to  me  that  Mr.  Louis  does  not  notice  that  I  have  sepa- 
rated pulsion  from  suction  and  have  studied  each  by  itself  to 
ascertain,  as  far  as  possible,  the  final  effect  of  each.  Let  me  re- 
view, in  a  few  words,  the  steps  taken.  In  studying  pulsion  I  did, 
to  be  sure,  use  the  tall  30-inch  tube  with  continuous  stream,  which 
he  condemns;  but  I  did  it  in  order  to  throw  light  upon  Prof. 
Munroe's  interstitial  currents,  stripped  of  all  disturbing  factors.  Of 
this  work  he  remarks:  "Conclusions  based  upon  uniform  maximum 
velocity  are  misleading;"  and  again:  "I  feel  especially,  in  Prof. 
Richards's  paper,  a  difficulty  ....  namely,  that  the  experiments 
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deal  with  particles  falling  a  long  distance,  when  the  velocity  be- 
comes uniform."  These  views  I  myself  held,  and  accordingly  I 
tried  the  next  set  of  tests  upon  Rittinger's  accelerated  and  retarded 
currents  (pages  458  to  463).  In  these  experiments  I  used  my  pulsion- 
jig,  Fig.  8,  which  can  give  slow  or  rapid  pulsations,  controlled  by 
the  speed  of  rotation  of  the  cock,  varying  from  50  to  800  revolu- 
tions per  minute — a  far  greater  range  than  Mr.  Louis  asks  for — 
while  the  grains  may  be  allowed  to  settle  back  upon  the  sieve  for  a 
short  period  of  rest  during  each  stroke,  or  not,  as  desired,  by  the 
regulation  of  the  water.  In  my  tests  with  more  rapid  pulsations 
uniform  velocity  was  never  attained.  In  fact,  though  the  total 
height  of  my  jig-bed  was  30  inches,  the  extreme  amplitude  of  my 
vibrations  was  not  over  one-eighth  of  an  inch.  It  was,  therefore, 
smaller  in  amount  and  more  rapid  in  occurrence  than  those  of  most  of 
the  jigs  to  which  Mr.  Louis  refers.  I  used  variations  in  both  speed 
and  water  and  found  that  they  all,  whether  fast  or  slow,  gave  me 
results  that  to  the  eye  were  exactly  the  same  as  those  of  the  steady 
column  of  uniform  velocity.  Two  results  are  recorded  upon  min- 
erals varying  widely  in  specific  gravity,  namely,  quartz  and  galena 
(Plate  XIV.)  and  quartz  and  sphalerite  (Plate  XV.). 

Mr.  Louis  says :  "  We  really  need  to  know  what  occurs  during 
each  hundredth  of  a  second."  This  information  is  very  difficult  to 
get,  and,  if  obtained,  would  be  very  difficult  to  put  together  so  as 
to  compute  a  resultant  of  all  the  forces.  I  believe  I  had  just  such 
a  result  in  my  Plates  I.  to  XII.,  obtained  by  a  practical  integration  ; 
for  I  have  tried  with  my  pulsion-jig  (Fig.  8)  slow,  large  vibrations 
and  also  quick,  small  vibrations,  and  obtained  Plates  XIV.  and  XV. 
under  both  conditions.  I  have  also  tried  infinitely  quick,  infinitely 
small  vibrations  (another  name  for  uniform  velocity),  and  I  get 
Plates  I.  to  XII.  (compare  Plates  II.  and  XIV.;  also  Plates  X. 
and  XV.). 

I  come  now  to  a  second  point  upon  which  my  experiments  do  not 
bear  out  Mr.  Louis's  opinion.  He  says  that  in  jigging  all  the  sepa- 
ration need  only  take  place  within  narrow  limits  about  a  parting 
plane  indicated  at  E  F  in  his  figure.  Let  us  see  if  this  is  true.  If 
a  grain  of  quartz  be  placed  upon  the  sieve,  A  B,  the  effects  of  pul- 
sion will  quickly  carry  it  up  above  the  plane,  E  F,  and  if,  on  the 
other  hand,  a  grain  of  galena  is  placed  on  top  of  the  sand  at  C  D  it 
will  quickly  be  carried  by  pulsion  to  a  point  below  the  plane,  E  F. 
The  zone  of  action,  therefore,  clearly  extends  from  the  sieve,  A  B, 
to  the  surface,  C  D,  or  through  the  whole  height  of  the  column  of 
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sand.  To  draw  au  outside  analogy,  if  my  mercurial  barometer 
gives  me  too  short  a  scale  for  my  meteorological  studies  I  obtain  a 
long  one  by  the  use  of  the  water  barometer.  So,  in  jiggiug,  if  the 
little  3-inch  to  5-inch  bed  of  a  jig  is  too  low  to  study  the  principles 
of  pulsion,  I  lengthen  my  scale  and  go  to  30  inches,  which  gives 
exactly  the  same  result,  only  so  long  drawn  out  that  it  may  be  inti- 
mately studied  in  all  its  bearings.  Mr.  Louis  remarks  that  investi- 
gations like  mine  made  on  6  or  8  inches  of  column  only  are  needed. 
It  is  true  that  such  investigations  could  be  attempted  ;  but  they 
would,  I  think,  give  much  less  perfect  results  than  those  recorded 
in  Plates  I.  to  XV.  of  my  paper. 

Mr.  Louis  concludes  with  the  remark  that  my  results  as  to  the 
utility  of  suction  are  a  great  surprise  to  him,  as  he  had  always 
looked  upon  suction  in  a  jig  as  injurious  rather  than  beneficial. 
With  this  statement  I  heartily  agree  (see  page  485),  provided  that 
closely-sized  ore  is  referred  to;  but  in  the  jigging  of  mixed  sizes 
uction  is  of  great  value,  advancing  the  work  of  jigging  even  on 
such  minerals  as  sphalerite  and  pyrite,  yet  not  enough  to  do  away 
with  the  advantages  of  close  sizing  upon  them.  But  on  such  heavy 
minerals  as  galena,  when  no  serious  quantity  of  middle-weight 
mineral  or  included  grain  is  present  and  the  slimes  have  been  re- 
moved, pulsion  aided  by  suction  can  do  the  whole  work  without  close 
sizing.  I  believe  that,  in  a  mill  where  copper  pyrites,  for  example, 
is  being  concentrated,  close  sizing  should  be  adopted  down  to  some 
point  to  be  determined,  let  us  say  |  inch  (3  mm.)  in  size.  The  fines 
will  go  to  a  separator  with  two  or  three  spigots,  the  product  of  which 
will  be  sent  to  jigs.  We  shall  then  have  the  jigs  which  are  concen- 
trating the  stuff  from  the  drum-screens  and  those  which  are  concen- 
trating the  stuff  from  the  spigots  of  the  separator.  The  former  jigs 
should  have  the  minimum  suction  (a  pulsion-jig,  even,  would  treat 
this  material,  and  do  it  most  rapidly,  if  the  sizing  were  close  euough), 
while  the  separator-jigs  should  have  the  maximum  suction  that  a 
Harz  jig  can  give,  because  they  are  jigging  mixed  sizes  and  need  to 
supplement  the  work  of  pulsion  by  suction. 

W.  B.  Kunhardt,  New  York  City  (communication  to  the  Sec- 
retary) :  Every  one  interested  in  ore-dressing  will  thank  Prof.  Rich- 
ards for  his  keenly  critical  and  exhaustive  investigation  of  the  laws 
of  jigging  and  will  follow  with  rare  pleasure  the  series  of  brilliant 
experiments  by  which  the  author  has  shed  so  much  additional  light 
on  the  subject.  That  the  extent  to  which  sizing  should  be  carried 
before  jigging  has  given  rise  to  much  discussion — indeed,  that  it  has 
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been  a  matter  of  running  debate  ever  since  Rittinger's  day — is  well 
known.  If  the  author's  endeavor  to  determine,  by  independent  re- 
search, the  relative  value  of  the  several  laws  that  have  been  recog- 
nized by  different  authorities  as  influencing  the  action  of  jigging 
should  accomplish  no  more  than  to  bring  theory  abreast  of  the  most 
advanced  practice,  the  arduous  labor  of  preparing  this  paper  would 
still  be  well  repaid ;  for  the  clear  insight  that  is  obtained  through  it 
into  the  rationale  of  practice  cannot  fail  to  be  fruitful  in  suggestions 
for  further  progress. 

That  portion  of  the  paper  dealing  with  the  law  of  interstitial  cur- 
rents will  be  the  first,  possibly,  to  prompt  the  reader  to  an  inquiry. 
The  diameter-ratio  which  keeps  galena  and  quartz  in  equilibrium, 
after  the  interstitial  currents  have  done  their  work,  is  placed  (p.  451) 
at  about  1  :  6.  Manifestly  this  is  only  the  average  ratio;  a  glance 
at  Plate  II.  b  and  at  Table  XXYI.  shows  us  that  equilibrium  in 
a  rising  current  is  obtained  over  a  much  wider  range  of  sizes.  In 
the  case  of  bulb  5,  for  example,  disregarding  minute  portions  of  ga- 
lena, the  range  extends  from  12-mesh  to  100-mesh.  Since  the  ex- 
treme diameter-ratio  may  be  quite  as  important  in  practice  as  the 
average  ratio,  and  since,  moreover,  the  ratio  is  affected  by  compara- 
tively slight  variations  in  the  conditions  by  which  equilibrium  is 
produced,  does  it  not  seem  probable  that  the  discrepancy  to  which 
the  author  draws  attention,  between  his  own  and  Prof.  Munroe's  re- 
sults, is  really  less  than  his  figures  make  it  appear? 

Again,  accepting  the  author's  diameter-ratios  for  grains  held  in 
equilibrium  by  a  slowly  rising  current  in  the  apparatus  shown  in 
Fig.  5,  is  it  clear  that  the  experiments  made  with  that  apparatus  re- 
produce the  interstitial  currents  obtained  by  jigging?  The  author 
holds  that  the  rising  current  in  these  experiments  is  the  equivalent 
of  the  upward  flow  obtained  by  pulsion  in  the  jig.  Can  we  so  con- 
sider it?  As  the  water  rises  through  the  sieve  of  the  jig  it  seeks 
paths  of  least  resistance  in  its  effort  to  pass  through  the  material  on 
the  sieve.  Assuming  this  material  to  be  evenly  distributed,  the  se- 
lection, though  thereby  restricted  within  narrow  limits,  will  yet  re- 
sult, not  in  one  uniform  rising  current  but  in  many  differentials  of 
this  current — so-called  interstitial  currents,  differing  slightly  in  their 
relative  intensities;  each  being  influenced  by  the  character  of  the 
grains  it  encounters  and  by  the  distance  of  these  grains  from  their 
neighbors.  From  the  size  of  the  author's  apparatus  (Fig.  5)  and  the 
quantity  of  material  experimented  with,  it  does  not  appear  probable 
that  the  rising  current  he  obtained  could  have  been  sensibly  affected 
by  the  proximity  of  the  grains  to  one  another  or  that  any  true  inter- 
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stitial  currents,  in  the  sense  here  applied  to  the  term,  were  produced. 
The  conditions  of  the  experiments  seem  to  have  been  those  peculiar 
to  the  Spitzlutte  rather  than  to  the  jig.  If  we  do  not  regard  the  ag- 
gregate of  all  the  interstitial  currents  as  the  equivalent  of  one  uni- 
form rising  current,  but  take  into  account  the  true  interstitial  factor 
— that  is,  the  size  of  the  falling  grains  as  compared  with  the  free- 
dom of  passage  for  the  water  rising  around  them — we  shall  be  dis- 
posed to  attach  to  the  retarding  effect  of  interstitial  currents  upon 
the  large  quartz  grains  even  greater  importance  in  jigging  than  the 
experiments  seem  to  warrant,  thus  placing  the  average  diameter-ratio 
for  galena  and  quartz  considerably  below  the  author's  ratio  of  1:6. 
Prof.  Richards  (communication  to  the  Secretary) :  With  re- 
gard to  the  question  of  diameter-ratio  raised  by  Mr.  Kun- 
hardt,  who,  observing  that  my  ratio  of  1  :  6  (p.  451  of  my  paper) 
is  manifestly  only  the  average  diameter-ratio  which  keeps  galena 
and  quartz  in  equilibrium,  points  out  that  in  Plate  II.  b,  column 
5,  for  example,  the  range  extends  from  12-  to  100-mesh,  1  would 
say  that  Mr.  Kunhardt  is  quite  right  in  throwing  out  the  tiny 
heaps  below  100-mesh.  These  are  undoubtedly  worn  off  from  the 
larger  grains  during  the  sifting-process.  He  is  right,  too,  in  as- 
suming that  the  result  is  an  average  of  diameters  (see  p.  451,  where 
the  method  of  computing  the  ratio  1:6  is  given).  But  if  we  pay 
attention  (p.  454)  to  the  physical  features  of  the  grains  composing 
the  heaps  (see  Plate  II.  b,  column  5)  we  shall  see  that  the  heap  of 
quartz  on  12-mesh  is  composed  of  flattened  grains,  that  on  14-mesh 
is  less  flattened,  those  on  16  and  18  are  rough  cubical  grains.  Look- 
ing at  the  galena  we  have  the  heap  on  60-raesh  composed  of  flattened 
grains  of  galena,  that  on  80-mesh  less  flattened,  while  that  on  100- 
mesh  is  composed  of  cubical  grains.  We  may  justly  assume,  then, 
in  this  column,  that  the  12-mesh  flattened  quartz  grains  are  there  to 
balance  the  60-raesh  flattened  galena  grains,  while  the  18-mesh 
roughly  cubical  grains  of  quartz  are  there  to  balance  the  100-mesh 
cubical  galena  and  the  intermediate  quartz  sizes  and  figures  to  bal- 
ance the  intermediate  galena  sizes  and  figures.  Now,  Prof.  Munroe, 
in  his  investigation,  discusses  particles  of  like  figure,  for  example, 
spheres  or  cubes  of  galena  with  spheres  or  cubes  of  quartz.  If, 
then,  I  would  investigate  his  law  of  interstitial  currents,  I  must  do 
the  same.  I  can  get  the  ratio  of  the  flat  quartz  to  flat  galena,  and 
also  of  cubical  quartz  to  cubical  galena,  by  getting  the  average  of 
the  diameter  of  each  mineral  and  computing  the  ratio  of  the  one  to 
the  other.  This  I  did  and  got  1:6  as  the  ratio.  It  is  clear  that 
if  my  extreme   of  flattest  grain  of  quartz  were  mated  with    ray 
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rounded  cube  of  galena,  a  few  grains  could  be  found  with  a  ratio 
that  might  approach  somewhat  nearer  to  Professor  Mun roe's  ratio 
than  1:6;  but  that  is  not  the  question  at  issue.  Mr.  Kunhardt's 
point  is  a  good  one ;  namely,  that  we  must  consider  the  extremes  in 
practical  jigging,  since  that  is  what  we  have  to  deal  with. 

Mr.  Kunhardt  suggests  a  doubt  whether  the  slowly  rising  current 
in  the  apparatus,  shown  in  my  Fig.  5,  reproduces  the  interstitial 
currents  made  by  jigging  and  also  whether  the  rising  current  is  the 
equivalent  of  the  upward  flow  made  by  the  pulsion  of  a  jig.  And 
he  points  out  how  variable  are  the  currents  in  a  jig,  resulting  "  not  in 
one  uniform  rising  current  but  in  many  differentials  of  this  current." 
In  reply  to  this,  I  would  say  that  I  sought  to  establish  the  laws  of 
jigging  by  studying  one  current.  I  could  not  have  studied  them 
upon  several  varying  currents  at  the  same  time.  I  ran  the  water  in 
my  pointed  tube  (Fig.  5)  now  fast  and  now  slowly.  I  gave  it  every 
speed  from  that  which  separated  the  particles  considerably  to  that 
which  scarcely  gave  motion  enough  to  effect  a  separation.  Between 
these  two  extremes  I  could  see  no  difference  in  the  balance  of  grains 
in  equilibrium.  Between  these  two  extremes  I  must  surely  have 
hit  upon  nearly  every  variety  of  interstitial  current  a  jig  ever  has 
to  deal  with.  In  fact,  it  would  seem  from  the  results  obtained  that 
I  had  the  true  interstitial  currents  over  the  whole  range  of  speeds. 

Mr.  Kunhardt  thinks  the  currents  of  these  experiments  are 
those  of  the  Spitzlutte  rather  than  those  of  a  jig.  Before  making 
the  investigation  I  should  certainly  have  endorsed  that  statement  in 
just  those  words.  I  now  endorse  it  with  my  important  qualification, 
namely,  that  one  of  the  most  significant  facts  proved  by  my  experi- 
ments is  that  the  ultimate  effect  of  pulsion  in  a  jig  is  identical  with 
the  equilibrium  in  the  upward  flow  of  a  Spitzlutte. 

Mr.  Kunhardt  says  that  as  the  water  rises  through  the  sieve  of  a 
jig  it  seeks  paths  of  least  resistance,  resulting  not  in  one  uniform 
current  but  in  many,  "differing  slightly  in  their  relative  intensities; 
each  being  influenced  by  the  character  of  the  grains  it  encounters," 
etc.  This  I  endorse  entirely.  One  can  see  it  on  every  jig.  In  my 
opinion,  any  interference  of  this  kind  will  simply  detract  from  the 
ratio  obtained  by  my  experiments.  My  ratios  are  the  maximum 
values  that  can  be  obtained  on  perfectly-working  apparatus.  The 
practical  jig  will  be  liable  to  have  interferences,  which  will  lessen  the 
ratio  upon  it  so  far  as  the  pulsion  alone  is  concerned.  The  moment 
the  influence  of  suction  is  taken  into  account  the  whole  matter  is 
changed. 
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Walter  Rexton  Ingalls,  New  York  City  (communication  to 
the  Secretary) :  Prof.  Richards's  paper  is  one  of  the  most  important 
contributions  made  to  the  science  of  ore-dressing  since  the  publica- 
tion of  Rittinger's  monumental  treatise.  The  data  which  he  has 
presented  will  be  indispensable  to  every  engineer  engaged  in  the 
mechanical  enrichment  of  low-grade  ores.  It  may  be  that  certain  of 
his  figures  will  need  further  verification  ;  but  in  default  of  a  thor- 
ough analytical  study  of  them  it  is  impossible  to  make  specific  criti- 
cisms. Probably  the  largest  variations  may  be  found  in  those  in- 
troducing a  personal  factor,  which  has  been  a  large  element  in  many 
of  the  computations  ;  for  example,  in  the  determination  of  the  equal- 
settling  ratios.  Although  Prof.  Richards's  preference  for  timing 
nearly  the  slowest  of  free-falling  grains,  rather  than  absolutely  the 
slowest,  appears  to  be  well-founded,  the  gauging  of  the  passage  of  a 
certain  proportion  of  grains  (say  90  per  cent.)  past  a  fixed  mark 
must  be  largely  dependent  upon  the  judgment  of  the  observer,  and 
is,  therefore,  likely  to  be  more  or  less  inexact.  The  lagging  behind 
of  the  last  grains  of  a  lot  settling  in  water  is  well  shown  in  the  com- 

V2 
parison  of  the  parabolas  of  fall,  where  the  —  of  Rittinger's  results 

for  slowest  grains  is  uniformly  less  than  the  result  of  Prof.  Richards's 
measurements,  except  in  the  case  of  native  copper.  On  the  whole, 
the  new  factors  for  equal-settling  grains  seem  more  likely  to  be  cor- 
rect than  those  which  have  been  adopted  hitherto.  The  discrepancy 
between  them,  however,  is  by  no  means  so  great  as  that  which  appears 
with  respect  to  the  effect  of  interstitial  currents  (interstitial  retardation 
seems  to  be  a  better  expression),  which  was  first  calculated  by  Prof. 
Munroe  and  is  now  recalculated  by  Prof.  Richards  ;  but  a  comparison 
of  the  methods  employed  in  making  these  deductions  leaves  little 
doubt  that  those  of  Prof.  Richards  are  the  more  probable. 

Perhaps  the  most  important  part  of  Prof.  Richards's  paper,  inas- 
much as  it  deals  with  laws  which  have  not  yet  received  much  attention 
from  investigators,  is  that  which  relates  to  the  influence  of  suction  in 
jigging.  The  results  which  have  been  attained  by  these  experiments 
on  a  small  scale  are  in  general  the  same  as  have  been  deduced  from 
jigging  on  a  large  scale.  In  certain  cases,  notably  at  Lake  Superior 
and  at  Bonne  Terre  in  this  country,  where  there  is  a  separation  of 
only  two  minerals  of  great  difference  in  specific  gravity,  the  inter- 
stitial ratio  being  large,  jigging  mixed  sizes  is  carried  out  success- 
fully without  a  preliminary  sizing  by  screens.  Possibly  the  most 
remarkable  examples  of  this  principle,  however,  are  to  be  found  in 
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the  work  of  hand-jiggers  at  various  places  upon  various  kinds  of 
ores.  On  the  other  hand,  with  complex  ores,  involving  the  separa- 
tion of  at  least  three  minerals,  where  the  interstitial  ratio  is  low,  it 
is  unquestionable  that  close  sizing  is  necessary,  though,  perhaps,  not 
to  such  a  degree  as  has  been  thought  in  Germany  and  elsewhere  on 
the  continent  of  Europe.  It  is  now  recognized,  however,  that  the 
principle  has  been  exaggerated  there,  and  a  strong  tendency  towards 
its  modification  has  been  developed.  The  extent  to  which  sizing 
was  formerly  (and  is  still)  performed  is  shown  by  the  following 
screen-sizes  of  some  large  German  and  Belgian  works,  dressing  ores 
of  the  galena-blende  quartz  type: 

Bleyberg:  35,  28,  25,  22,  20,  18,  15,  12,  10,  8,  7,  6,  5,  4,  3,  2. 

Silberau:  13,  8,  5,  3,  2,  1,  0.5. 

Clausthal:  32,  17.78,  13.44,  10.00,  7.50,  5.62,  4.22,  3.16,  2.37, 
1.78,  1.33,  1.00. 

Schulenberg:  20,  12,  10,  6.4,  4.2,  2.6,  1.6,  1.0. 

Freiberg :  30,  16,  12,  9,  7,  5,  4,  3,  2. 

The  limitation  to  the  calculation  of  screen-sizes  from  Rittingrer's 
formulae  for  equal-settling  grains  lay  in  the  irregularity  of  the 
grains.  Thus  the  fastest  grain  of  a  light  mineral  may  settle  much 
faster  than  the  slowest  grain  of  a  heavy  mineral,  both  being  sized 
between  screens,  which  ought  to  permit  a  complete  separation  if  all 
the  grains  of  each  mineral  had  actually  their  mean  fal ling- velocities  ; 
but,  the  case  being  one  not  of  means  but  of  extremes,  it  is  obvious 
that,  in  some  instances,  in  order  to  effect  a  separation  the  screen- 
sizes  would  necessarily  be  closer  than  those  at  Bleyberg-es-Montzen, 
or  beyond  the  range  of  practicability.  Some  striking  examples  of 
variation  are  to  be  found  in  Prof.  Richards's  Tables  III.  and  IV- 
The  most  noteworthy  is  the  case  of  native  copper  (sp.  gr.  8.479), 
where  the  fastest  grains  of  the  10-12-mesh  class  (0.07246  in  average 
diameter)  fell  at  the  rate  of  17.601  inches  per  second,  while  the 
slowest  fell  but  9.163  inches  per  second,  or  less  than  the  slowest 
grains  of  magnetite,  of  which  the  specific  gravity  was  but  4.987. 
The  fallacy  of  basing  screen-sizes  on  the  mean  ratio  of  equal-settling 
grains  is  obvious.  Such  a  determination  of  screen-sizes  is  clearly 
useless,  moreover,  when  it  is  considered  that  only  one  element  of 
jigging,  viz.,  the  free-falling  of  the  grains,  as  the  results  of  the  pul- 
sion-movement,  is  taken  into  account,  while  the  effects  of  interstitial 
retardation  and  suction  are  ignored. 

It  may  well  be  doubted  whether  the  very  important  factor  which 
Prof.  Richards  has  deduced  as  the  suction-factor,  that  which  makes 
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a  dividing-line  between  two  methods  of  procedure  (i.e.,  the  jigging 
of  mixed  or  sized  products),  has  been  correctly  determined.  Appar- 
ently it  has  been  derived  chiefly  from  a  consideration  of  the  estimated 
percentages  of  heavy  mineral  in  the  tailings  from  the  test-jig,  which 
showed  n  marked  increase  in  the  coarser  sizes  as  the  specific  gravities 
of  the  heavy  mineral  decreased.  It  is  not  easy  to  perceive  from  Ta- 
bles XLVL,  XLVII.  and  XL  VII I.  that  the  marked  retrogression 
stops,  as  Prof.  Richards  assumes,  with  arsenopyrite,  from  the  inter- 
stitial factor  of  which  he  takes  the  suction-factor,  3.7.  Certainly 
there  is  as  great  a  difference  between  the  tailings  of  arsenopyrite 
and  magnetite  as  between  antimony  and  arsenopyrite.  This  factor 
should  be  confirmed  by  jigging-tests  on  a  larger  scale  and  by  more 
exact  determination  of  the  percentages  of  heavy  mineral  in  the 
tailings. 

Prof.  Richards  (communication  to  the  Secretary):  Mr.  Ingalls's 
criticism  of  my  method  of  using  nearly  the  slowest  grains,  instead  of 
the  very  last  grain,  is  natural,  and  I  have  no  doubt  it  is  just  for  the 
finer  sizes.  For  the  coarse  sizes,  however,  where  only  about  50  to  100 
grains  were  used,  there  would  be  but  little  difference  in  the  judgment 
of  different  observers.  The  greatest  cause  of  the  apparent  discrepan- 
cies lies  in  the  varying  tendencies  of  the  different  minerals  to  split 
into  flat  scales.  Copper  and  antimony  both  had  decidedly  more  of 
flattened  grains  than  their  neighbors,  while  magnetite  had  less. 

With  regard  to  the  factor  3.7,1  think  it  will  vary  somewhat  with 
different  fractures.  Let  us  suppose,  for  example,  that  we  are  trying 
to  separate  a  lot  of  galena,  with  a  tendency  to  break  into  flattened 
scales,  from  quartz,  which  tends  to  break  into  cubes  or  rough 
spheres.  The  interstices  would  bear  a  different  ratio  to  the  size  of 
the  grains  than  would  be  the  case  if  the  quartz  was  flat  and  the 
galena  cubical. 

I  consider  my  best  determination  of  this  factor  3.7  to  be,  not  in 
Tables  XLVL,  XLVII.,  and  XLVIIL,  but  in  the  jigging-tests 
recorded  on  pages  469,  470,  472,  473  and  474.  Here  there  was  no 
estimating  by  the  eye,  except  with  regard  to  the  end-point,  in  which 
one  observer  might  have  differed  a  little  from  another.  The  figures 
of  Table  A,  taken  from  pages  469  and  470,  speak  for  themselves. 

Here  the  galena,  as  it  diminishes  in  size,  becomes  harder  and 
harder  to  jig  with  much  suction,  until  test  10  is  reached,  when  the 
time  drops  to  less  than  one-half  its  predecessor.  Here,  for  the  first 
time,  the  galena  particles  move  freely  in  the  interstices  of  the  quartz. 
In  tests  13  and  16  they  move  still  more  freely. 
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Table  A. — Jig-Tests  of  Quartz  and  Galena. 


Test. 

1 

.0683 
.0683 

4 

7 

10 

13 

16 

.0683 
.0129 

.0683 
.0262 

.0683 
.0195 

.0683 
.0095 

.0683 
.0042 

Pulsations  for  nearly 

complete  sepa- 

257 

302 

748 

337 

190 

86 

The  turning-point  with  sphalerite,  as  shown  by  the  following 
table,  taken  from  pages  472,  473,  and  474,  is  far  more  marked  than 
with  galena. 

Table  B. — Jig-Tests  of  Quartz  and  Sphalerite. 


Test. 

19 

22 

25 

28 

31 

34 

Quartz,  diameter 

.0683 
.0683 

.0683 
.0429 

.0683 
.0262 

.0683 
.0195 

.0683 
.0095 

.0683 
.0042 

Sphalerite,  diameter 

Pulsations  for  nearly 

complete  sepa- 

2129 

1676 

1759 

297 

208 

288 

Table  C. —  Velocities  of  Fall  (from  pp.  414  and  415). 


Test. 


Quartz,  fastest |    8.746 

Quartz,  slowest !    4.993 

Sphalerite,  fastest 10.472 

Sphalerite,  slowest 7.245 


22 


8.746 
4.993 
8.515 
5.327 


25 


28  31 


8.746  8.746 
4.993  4.993 
6.261  5.224 
3.064  I  2.259 


8.746 

4.993 

2.783 

.800 


34 


8.746 

4.993 

1.437 

.291 


Here  the  jump  from  test  25  to  test  28  is  most  surprising.  These 
grains  of  sphalerite  could  not  be  separated  according  to  the  law  of 
equal-settling  particles  (see  Table  C),  nor  could  they  be  separated  by 
pulsion  alone  (see  test  30);  but  with  strong  suction  they  are  separated 
with  a  speed  that  would  be  called  rapid  jigging.  The  factor  3.7  is 
the  quotient  of 

^I25  =  3.718. 
.0195 

Throughout  the  jigging-tests,  the  figure  .0683   in  all   the  tables 
should  read  .0725  (see  page  413).     That  is  to  say,  the  calculated 
average  diameter  for  10-  to  12-mesh  should  be  based  on  the  old  10- 
vol.  xxiv. — 59 
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mesh  screens,  not  the  now  ones.  This  error  was  not  detected  until 
now. 

Mr.  Ingalls  is  quite  right  in  saving  that  the  factor  3.7  needs  fur- 
ther verification.  Here  is  an  instance.  Of  my  two  10-mesh  sieves 
my  old  one  (see  p.  413)  had  10  meshes  one  way  and  8f  the  other; 
now,  what  is  the  diameter  of  that  hole?     Clearly,  it  is  larger  than 

yV  inch  and  smaller  than  —     I  have  assumed  it  to  be  the  mean  of 

8f. 

the  two  =  .0830  inch  in  diameter.  Again,  what  is  the  diameter  of 
a  particle  which  passes  through  this  10-mesh  sieve  and  rests  on  a 
12-mesh?  Clearly,  it  is  smaller  than  the  first  and  larger  than  the 
second.     I  have  assumed  that  it  is  the  mean  of  the  two  =  .0725  inch. 

My  claim  is  this:  After  all  these  difficulties  of  definition  have 
been  cleaved  away,  there  is  an  equilibrium  factor  obtainable  by  the 
pointed-tube  test  for  every  pair  of  minerals,  by  which  we  can  decide 
whether,  if  slimes  are  removed  and  included  grains  are  absent,  the 
mineral-  can  be  completely  separated  by  jigging  mixed  sizes  with 
much  suction.  They  can  or  they  cannot  be,  according  as  this  factor 
is  above  or  below  the  interstitial  factor  of  the  lighter  mineral.  This 
interstitial  factor  is  the  diameter  of  the  grains  of  any  size  divided  by 
the  diameter  of  the  interstices  between  grains  of  that  size  when  they 
are  packed  tight  upon  a  jig  by  suction.  This  interstitial  factor  for 
my  quartz  is  approximately  3.7.  It  is  also  clear  from  Table  XLIV. 
that  the  nearer  the  equilibrium-factor  of  the  two  minerals  ap- 
proaches the  interstitial  factor  of  the  quartz,  the  more  can  suction 
help  pulsion  in  jigging  mixed  sizes. 

A  personal  letter  from  another  source  contains  the  following: 

"The  results  Prof.  Richards  has  obtained  show  conclusively  how  the  German 
writers  have  neglected  or  given  very  subordinate  position  to  forces  which  are  such 
positive  factors  in  successful  concentration. 

"  The  great  drawback  to  experimenting  on  a  small  scale  lies  in  the  difficulty  of 
approximating  to  the  conditions  occurring  in  actual  work.  If  we  could  so  prepare 
our  ores  that  the  crushed  material  consisted  of  pieces  of  gangne  and  mineral  free 
from  each  other,  we  would  have  comparatively  little  difficulty  in  the  separation  ; 
but  where  almost  every  second  piece  of  gangue  has  adhering  to  it  a  particle  of  min- 
eral, the  question  of  specific  gravity  becomes  a  very  mixed  one.  For  this  reason 
it  has  always  seemed  best  to  me  to  insist,  under  all  circumstances,  on  close  sizii  g 
from  the  start,  followed  by  re-crushing  and  re-sizing  between  each  two  sets  of  ji«s. 
In  thi>  way  I  find  we  always  get  good  average  products,  not  quite  so  high-grade, 
but  giving  a  final  very  low  tailing-value.  While  the  re-crushing  may  not  be  so 
essential  on  our  Lake  Superior  ores,  where  the  gangue  is  reasonably  constant  and 
the  mineral  is  confined  to  one  metal,  it  is  absolutely  essential  with  our  western 
ores,  where  these  conditions  do  not  prevail;  and  it  was  not  until  this  was  under- 
stood that  successful  work  was  done  in  the  west." 
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It  is  true  that  the  large  mills  bring  in  many  conditions  that  are 
difficult  or  impossible  to  reproduce  in  a  laboratory  experiment;  but 
let  us  look  into  the  case  under  discussion  and  see  if  the  remark  holds 
here.  I  have  taken  the  ground  that  jigging  consists  of  two  distinct 
actions,  pulsion  and  suction.  In  my  experiments  I  have  isolated 
pulsion  and  have  proved  what  it  is  capable  of  doing  on  minerals  of 
a  great  range  of  specific  gravities.  1  did  the  same  for  suction  and 
pulsion  taken  together.  The  excess  obtained  by  the  sum  of  the  two 
over  pulsion  is  clearly  the  work  of  suction.  This  set  of  tests  shows 
that  when  the  interstitial  factor  between  the  two  minerals  to  be  sep- 
arated is  greater  than  3.7,  it  will  probably  be  safe  to  abandon  close 
sizing  before  jigging  and  to  size  according  to  convenience  only  (p. 
485).  But  if  this  factor  is  below  3.7,  the  loss  from  jigging  without 
preliminary  sizing  will  increase  as  the  factor  falls,  sooner  or  later 
condemning  the  jigging  of  mixed  sizes.  I  think  the  critic  has  placed 
a  different  meaning  upon  one  portion  of  my  paper  from  that  which 
I  meant  to  convey.  In  reading  the  list  of  minerals  experimented 
on  (pp.  411  and  431),  he  has  dwelt  upon  the  name  of  the  mineral  and 
has  judged  that  because  I  found  that  galena  gave  certain  results  in 
my  tests,  I  would  recommend  that  all  ores  of  galena  should  be 
treated  accordingly.  I  intended  the  series  of  minerals  to  be  looked 
at  only  through  their  specific  gravity;  and  I  should  argue  in  this 
way:  that  if  in  a  galena-quartz  separation  there  was  a  serious  quan- 
tity of  included  grains  which  had  a  specific  gravity  of  4.0,  then, 
whether  we  consider  the  separation  of  quartz  (sp.  gr.  2.6)  from  in- 
cluded grains  (sp.  gr.  4)  or  the  latter  from  galena  (sp.  gr.  7.5),  the 
interstitial  factor  is  in  either  case  very  low  (about  2),  and  the  ore 
should  be  treated  as  if  it  were  sphalerite  of  specific  gravity  4,  con- 
demning the  jigging  of  mixed  sizes  and  requiring  close  sizing  pre- 
paratory to  jigging. 
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Discussion  of  the  Paper  of  Mr.  "Winslow.     (See  p.  634. ) 
(Bridgeport  Meeting,  October,  1894.) 

F.  L.  Glerc,  Chicago,  111.  (communication  to  the  Secretary) :  On 
page  681  in  Mr.  "Winslow's  paper,  he  refers  to  me  as  having  "advo- 
cated the  view  that  the  ores  were  derived  from  the  patches  of  Coal- 
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Measure  shales  which  are  so  abundant  in  southwestern  Missouri," 
and  adds : 

"As  instrumental  in  effecting  this  result,  he  requires  a  Quaternary  submergence, 
during  which  the  ores  diffused  through  these  shales  were  leached  out  and  deposited 
in  the  underlying  breccias." 

Mr.  Winslow  must  have  fallen  into  some  strange  error  (possibly 
a  confusion  of  authorities)  in  making  the  above  statement.  So  far 
from  ever  having  held  or  suggested  the  hypothesis  of  such  a  Qua- 
ternary submergence,  I  have  never  thought  or  heard  of  it  until  I 
saw  his  paper,  and  it  appears  to  me,  from  what  I  have  seen  of  the 
region,  almost  grotesquely  absurd  ;  so  that  I  naturally  object  to 
having  my  name  associated  with  it.  In  the  only  paper  I  have 
written  on  this  subject  (a  short  popular  article,  prefacing  the  first 
attempt  to  publish  complete  statistics  of  the  mineral  output  of 
southwest  Missouri)  I  certainly  made  it  plain  that  I  held  radically 
different  views,  and  I  am  equally  sure  that  the  notion  of  a  Quater- 
nary submergence  has  never  been  advanced  in  any  conversation  be- 
tween Mr.  Winslow  and  myself. 

Mr.  Winslow  (communication  to  the  Secretary):  My  remarks 
concerning  Mr.  Clerc's  views  were  based  upon  a  pamphlet  entitled 
"  Lead-  and  Zinc-Ore,  Southwest  Mo.  Mines.  Authenticated  Sta- 
tistics, etc.,  for  the  Year  Ending  March  1,  1887.  By  John  X. 
Wilson,  Carthage,  Mo.  With  Contributions  by  F.  L.  Clerc  and 
Thomas  W.  Davey."  Pages  4  to  11  are  over  Mr.  Clerc's  signature. 
On  page  8  he  says : 

"  Patches  of  these  slates  and  pockets  of  coal  are  found  throughout  the  mining 
regions,  but  in  no  case,  so  far  as  I  have  seen,  under  circumstances  which  sugges 
that  they  have  been  deposited  in  the  Coal   age  as  outliers  of  the  regular  coa 
beds." 

Referring  to  the  material  of  these  slate-pockets,  he  says,  near  . 
bottom  of  page  9  : 

"These  materials  must  have  been  brought  to  where  they  are  in  the  form  of  a 
very  fine  mud  or  silt,  as  though  they  were  dropped  from  a  slow-moving  river  or  a 
broad  lake."  * 

On  page  10,  referring  to  the  black  slate,  he  says : 

"If  the  date  of  this"  {i.e.,  the  black  slate)  "be  fixed  as  the  close  of  the  Ice  age 
and  the  melting  of  the  glaciers,  which   has  plowed  deep  north  and  south  grooves 

*  Italics  are  mine. — A.  "W. 
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through  the  coal-fields  of  the  north,  it  brings  the  origin  of  the  present  ore-deposits 
down  well  into  the  Quaternary  age.  If,  now,  lead  and  zinc  were  contained  in  even 
ihe  minutest  traces  in  the  black  slate,  it  is  easy  to  see  how  lateral  secretion  would 
effect  their  concentration." 

In  these  statements,  and  in  the  distribution  of  the  slate-pockets 
of  southwestern  Missouri,  the  hypothesis  of  a  Quaternary  submerg- 
ence seemed  to  me  to  be  involved — whether  partial  or  complete, 
is  another  question.  Mr.  Clerc  expresses  the  opinion  that  the  de- 
posits never  covered  the  highest  lands.  From  my  observations,  a 
submergence  which  would  include  all  of  the  coal- pockets  of  Jasper 
county  would  leave  very  little,  if  any,  of  the  surface  above  water- 
level. 

I  have  perhaps  misinterpreted  Mr.  Clerc  in  attributing  the  leach- 
ing out  of  these  slates  or  shales  to  the  waters  of  the  disputed  flood, 
rather  than  to  subsequent  rain-waters.  The  hypothesis  once 
accepted,  it  seems  probable  that  both  agencies  would  have  been 
active. 

I  am  glad  to  accept  Mr.  Clerc's  correction,  and  trust  that  he  will 
acquit  me  of  any  intention  to  misquote  his  views.  In  any  case,  the 
essential  point  is  that,  on  his  hypothesis,  the  ores  were  derived  from 
the  shales,  and  Mr.  Clerc  seems  to  take  no  exception  to  my  state- 
ments in  this  regard. 


THE  DIKES  AND  BEEFS  OF  BENDIGO. 

Continued  discussion  of  the  paper  of  T.  A.  Richard  on  "  The  Origin  of  the  Gold- 
Bearing  Quartz  of  the  Bendigo  Reefs,  Australia."     f  Trans.,  xxii.,  289,  738.) 

(Bridgeport  Meeting,  October,  1894.) 

Philip  Argael,  Denver,  Colo,  (communication  to  the  Secre- 
tary) :  Mr.  Rickard  expresses  regret  that  I  have  not  given  more 
extracts  "  from  the  fresh  leaves  of  nature's  open  book."  The  quo- 
tations used  by  me  in  argument  were  all  from  nature's  open  book, 
and  by  authorities  recognized  in  the  scientific  world  as  being  able 
to  decipher  nature's  unwritten  pages,  if  not  lay  bare  her  inmost 
secrets.  The  study  of  nature  should  be  preceded  by  a  knowledge 
of  her  laws.  Natural  science  is  but  the  summary  of  the  observations 
of  the  past  or  an  organized  and  accurate  knowledge  of  the  order  in 
which  things  have  been  observed  to  happen.  One  who  ignores  the 
knowledge  of  the  past  or  despises  that  of  the  present  and  approaches 
nature's   open  book  with    a  virgin  mind  but   too    often  finds   her 
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leaves  "too  fresh."  Had  Mr.  Richard's  theoretical  assumptions 
been  new,  or  even  modern,  my  researches  in  the  "musty  shelves  of 
the  library  "  or  in  the  misty  past  might,  indeed,  have  been  unpar- 
donable, but  when  we  have  the  mobility  of  lava  attributed  to  water 
or  water-vapor,  the  hydrothermal  fusion  of  granite  made  use  of  to 
explain  a  certain  well-known  phenomenon,  the  deposition  of  gold 
in  the  oceanic  sediment  of  an  Australian  sea  claimed  as  the  source 
of  the  gold  in  the  Australian  veins  of  to-day,  can  I  be  censured  for 
pointing  out  that  this  is  needless  threshing  of  old  straw,  that 
Scrope,  for  instance,  attributed  the  mobility  of  lava  to  water-vapor 
sixty-nine  years  ago;  that  Scheerer  introduced  the  hydrothermal 
fusion  of  granite  in  1847;  that  Daintree  long  since  applied  the 
oceanic-gold  theory  to  the  Australian  reefs  in  form  so  complete  that 
none  of  his  imitators  have  improved  it  during  the  twenty-seven 
years  that  have  elapsed. 

I  admit  the  accuracy  of  Mr.  Rickard's  observation  regarding  my 
criticism  of  his  vesicular  granite  hypothesis  so  far  as  to  say  it  is  ob- 
structive. The  obstruction  remains;  for  he  neither  explains  how 
the  vesicles  in  the  granite  could  be  repaired,  or  why  they  have  not 
been  repaired  in  the  granite  generally,  nor  will  he  even  deign  to  en- 
lighten us  regarding  the  "extrusion  "  of  the  granite  in  thin  sheets 
and  seams  into  and  between  the  slate  and  sandstone  beds.  I  had 
always  believed  such  granite  to  be  an  "intrusive"  rock;  and  now 
that  Mr.  Rickard  quotes  himself  to  the  contrary,  I  can  only  hope 
that  my  criticism  will  be,  as  I  intended  it  to  be,  instructive. 

It  appeared  to  me  that  Mr.  Rickard  did  make  a  comparison  be- 
tween volcanic  lavas  and  granite  in  his  paper  (Trans.,  xxii.,  295),  and 
that  his  discussion  regarding  the  apparent  absence  of  vesicular 
structure  in  the  latter  rock  did  both  denote  and  connote  the  vesicu- 
lar structure  of  the  former.  However,  as  he  is  the  best  judge  of 
what  he  really  meant  to  say  and  what  he  intended  to  compare,  I 
gladly  accept  his  explanation. 

As  regards  the  Bendiaro  dike  rock  further  discussion  is  unneces- 
sary,  seeing  that  the  careful  microscopic  examination  of  Mr.  Howitt 
and  the  chemical  analysis  made  by  Mr.  Stone  show  the  rock  to  be 
Limburgite  or,  at  any  rate,  an  ultra-basic  rock  with  glassy  ground- 
mass,  indicating  not  only  igneous  fusion  but  also  rapid  cooling. 

The  analysis*  of  this  dike  is,  however,  of  sufficient  interest  to 
quote  in  full,  so  as  to  complete  the  record  : 

"■  A.  W.  Howitt,  F.G.S.  (Department  of  Mines,  Special  Reports),  "Notes  on 
Samples  of  Rocks  Collected  in  the  180  Mine  at  Bendigo,"  page  4. 
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Analysis  of  Bendigo  Dike. 

Si02, 39.32 

AI203, 17.53 

Fe203, 3.07 

FeO,       .                  9.12 

CaO, 10.38 

MgO,     .                          8.00 

K20 2.04 

Na20, 2.44 

H20, 5.10 

Moisture, 2.20 

99.20 

Mr.  Rickard  (in  paragraphs  2  and  4,  Trans.,  xxii.,  765)  thinks 
I  am  contradictory  of  myself.  I  am  obliged,  therefore,  to  point  out 
that  even  a  Bendigo  fissure  must  have  two  projections,  strike  and 
dip;  that  the  former  may  be  a  continuous  "clean-cut"  fissure  on  a 
given  horizon  or  in  a  given  bed,  while  the  latter  may  be  a  continu- 
ous but  irregular  zigzag.  It  was  the  former  (continuity  of  strike) 
that  I  referred  to  in  paragraph  2,  and  the  latter  (irregularity  of  dip, 
and  hence  not  a  clean-cut  fracture)  which  I  discussed  in  paragraph 
4,  following  Mr.  Rickard's  own  argument,  the  whole  tenor  of  which 
was  the  "  tortuous  and  very  irregular  passage  "  of  the  dikes  "  through 
the  over-lying  rocks,"  that  "they  do  not  fill  a  clean-cut  continuous 
fissure,"  that  "  the  lava  was  seeking  its  way  upward,"  etc. 

I  have  carefully  avoided  discitssing  the  structural  geology  to 
which  Mr.  Rickard  has  treated  us.  I  shall  not  do  so  now.  It 
appears  to  me,  however,  that  it  is  from  misapprehension  of  the  dy- 
namic geology  that  Mr.  Rickard's  difficulties  as  to  the  Assuring 
arise.  While  he  observed  of  the  lava  dikes  that  "  where  their 
line  of  passage  takes  them  across  the  quartz  reefs  the  crossing  is 
generally  effected  near  the  apex  of  the  saddle,"  he  lost  sight  of  the 
central  fact  that  the  dikes  occur  along  the  course  of  most,  if  not 
every  one,  of  the  anticlinal  axes,  and  have  not  been  noticed  else- 
where. It  is  manifest  that  the  dike-fissures  followed  the  lines  of 
least  resistance,  breaking  through  the  anticlinals,  some  of  which  had 
reached  the  point  of  rupture,  in  preference  to  the  synclinals,  which 
offered  the  maximum  resistance  to  Assuring.  Turning  to  Trans., 
xx.,  471,  we  find  the  idealization  of  Mr.  Rickard's  views.  Here  he 
shows  two  out  of  three  dikes  in  synclinals,  while  the  third  passes 
through  the  legs  of  successive  saddles.  The  occurrence  of  dikes  in 
such  synclinals  is  contrary  to  the  facts  of  the  case,  at  variance  with 
geological  observations  and  shows  entire  misapprehension  of  the  dy- 
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namic  movements  that  culminated  in  the  Assuring  and  lava  in- 
jection. 

Mr.  Rickard  would  fain  have  us  return  to  the  strict  uniformi- 
tarian  school  which  "  tabooed "  everything  catastrophic.  The 
geology  of  to-day  (evolutionism)  accepts  that  which  is  best,  alike 
from  the  catastrophic  and  uniformitarian  schools,  rejecting,  how- 
ever, their  limitations.  As  Prestwich  well  puts  it,  "the  forms  of 
erosion,  the  modes  of  sedimentation  and  the  methods  of  motion  are 
the  same  in  kind  as  they  have  ever  been,  but  we  can  never  admit  that 
they  have  always  been  the  same  in  degree."  A  short  quotation  from 
a  recent  address  of  Sir  J.  W.  Dawson  is  particularly  applicable 
to  the  Bendigo  phenomenon,  where  the  slow  and  long-continued 
tangential  pressure  plicated  and  folded  the  rocks,  gradually  bring- 
ing them  to  the  sharp  anticlinal  folds  and  catastrophic  fracturing: 
"  In  short,  slow  and  gradual  action  inevitably  produces  catastrophic 
or  critical  periods,  and  these  again  prepare  the  way  for  the  recur- 
rence of  times  of  dull  uniformity  and  scarcely  perceptible  motion." 

The  reply  to  my  question :  "  How  can  the  hydrothermal  fusion 
theory  account  for  the  intense  action  of  these  granite- veins  on  the 
country-rock  on  the  one  hand,  while  on  the  other  it  is  brought  for- 
ward to  prove  the  feeble  action  of  the  dikes?"  is  insufficient.  We 
are  told  that  "  in  the  former  case  there  was  a  store  of  heat  close  at 
hand  (the  main  granite  mass) ;  in  the  latter,  the  main  body  of  lava, 
of  which  the  dikes  were  minute  branches,  was  at  a  depth  so  great  as 
not  to  be  able  to  cause  any  metamorphism  of  those  rocks  into  which 
the  mine  workings  have  penetrated."  Here  we  have  an  admission 
that  the  small  granite  veins  that  penetrated  the  sedimentary  rocks 
for  considerable  distances  from  the  granite-contact,  and  so  altered 
these  rocks  that  it  is  difficult  to  distinguish  the  separate  beds,  were 
enabled  to  cause  this  local  metamorphism  by  reason  of  the  conduc- 
tion of  heat  from  the  main  granite  mass,  while,  as  regards  the  dikes, 
conduction  is  not  admitted.  Nevertheless,  we  are  urged  to  believe 
the  assertion  that  the  boiling  mud  or  vapor-saturated  lava  "found 
its  way  to  the  surface  slowly  and  gradually  through  the  manifold 
fractures  produced  by  the  strain  to  which  the  rocks  were  being  sub- 
jected, not  for  a  few  seconds,  but  for  a  long  period  of  time."  Now 
it  is  manifest  that  without  a  continuous  supply  of  heat  the  lava 
must  have  consolidated  on  its  way  upwards  through  these  minute 
branches  during  the  "long  period  of  time;"  while,  with  a  supply 
of  heat,  the  enclosing  rock  must,  in  the  presence  of  so  much  water, 
have  been  highly  metamorphosed,  as  I  have  previously  pointed  out. 
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Mr.  Rickard  tells  us  that  he  has  relied  upon  what  he  has  seen  in 
the  Bendigo  mines,  and  upon  the  conviction  thereby  induced  "that 
surface  and  deep  underground  action  are  very  dissimilar  in  kind  and 
in  character."  One  looks  in  vain,  however,  for  any  proof  of  this 
assertion  in  his  paper.  In  speaking  of  the  dike  lava,  he  informs  us 
that  "it  is  identical  in  lithological  character  with  the  basalt,  succes- 
sive sheets  of  which  ....  overlie  the  Miocene  and  early  Pliocene 
gravel  of  the  '  deep  leads/  "  etc.  If  the  rocks  poured  out  on  the 
surface  in  thick  sheets  and  those  which  consolidated  as  thin  dikes 
under  many  thousand  feet  of  rock-pressure  are  lithologically  the 
same,  as  he  claims  they  are,  surface  and  underground  action  at  Ben- 
digo would,  from  his  observations,  appear  to  be  similar  (not  dissim- 
ilar) "in  kind  and  in  character."  A  cursory  examination  of  my 
discussion  will  show  clearly  that  I  have  not  limited  my  remarks  "to 
the  surface  and  open-air  phenomena  of  volcanic  activity."  I  have 
made  extended  underground  studies  of  such  matters  in  the  British 
Isles,  in  Australia,  in  this  country,  and  elsewhere.  The  information 
so  gathered,  together  with  Mr.  Rickard;s  description,  leads  me  to  the 
conclusion  that  the  Bendigo  dikes  are  injections  of  basic  rock,  few, 
if  any,  of  which  reached  the  surface — a  molten  basic  rock  quickly 
injected  into  the  fissures  and  rapidly  cooled.  It  is  obvious  that  the 
speed  at  which  a  molten  rock  may  be  injected  into  a  fissure  deep 
down  in  the  earth,  or  the  velocity  with  which  it  issues  from  a  fissure 
at  the  surface,  do  not  directly  affect  its  lithological  character.  It 
is  the  conditions  of  consolidation  that  are  the  determining  cause. 

I  also  hold  that  surface  and  underground  are  terms  of  little  geo- 
logical significance.  The  surface  of  to-day  is  often  the  deep  under- 
ground of  the  past.  It  is  not  necessary  to  go  to  Bendigo  to  get  a 
peep  into  the  earth's  crust,  or  to  study  the  action  of  intrusive  rocks 
under  a  few  thousand  feet  of  head.  At  Leadville  we  can  see  to- 
day, on  the  surface,  the  effect  of  igneous  intrusions  which  took  place 
10,000  feet  below  the  surface  of  former  days.  Nor  is  it  necessary 
to  go  to  the  Bendigo  mines  to  study  dike-phenomena  when  we  can 
see  and  study  the  matter  to  much  greater  effect  in  the  canons  and 
other  rock-exposures  of  the  Rockies  and  other  mountain  ranges,  and 
also  in  the  basal  wrecks  of  volcanoes  visible  at  the  earth's  surface 
to-day,  though  once  10,000  to  20,000  feet  below.  It  is  from  the 
study  of  the  dikes,  necks,  and  intrusive  sheets  visible  in  such  places 
that  we  have  received  our  present  knowledge  of  the  physical  charac- 
teristics of  rocks  consolidating  under  varying  conditions  of  temper- 
ature and  pressure.     It  is  needless  to  say  that  vague  and  indefinite 
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assertions,  in  the  absence  of  any  new  facts  based  on  microscopic 
studies  or  chemical  analysis  of  the  rocks,  cannot  be  accepted  as  evi- 
dence against  the  accurately  determined  and  properly  correlated  facts 
laid  down  in  the  books. 

Mr.  Rickard's  assertion  that  "at  Kilauea  to-day  the  basalt  owes 
much  of  its  mobility  to  the  steam  which  it  contains,"  is  in  direct 
contradiction  of  the  statement  of  Prof.  J.  D.  Dana,  probably  the 
greatest  living  authority  on  this  subject,  who  says  :* 

"The  phenomena  of  Kilauea  are  largely  due  to  the  fact  that  it  is  a  basalt  volcano 
in  its  normal  state.  By  this  I  mean,  first,  that  the  rock  material  is  dolerite  or  basalt, 
and,  secondly,  that  the  heat  is  sufficient  for  the  perfect  mobility  of  the  lavas,  and, 
therefore,  for  the  fullest  and  freest  action  of  such  a  volcano." 

I  cannot  agree  with  Mr.  Rickard  that  the  explanation  of  Dunn, 
Ulrich,  and  others,  regarding  the  filling  of  the  Bendigo  dikes,  is  in 
any  way  "based  upon  the  old  theory  that  the  earth  has  a  solid  crust 
lying  upon  liquid  matter,"  etc.  This  theory  is  painfully  old,  like 
some  others  advanced  in  this  discussion.  I  certainly  hold  no  such 
ideas,  nor  are  these  ideas  necessary  to  the  proper  conception  of  the 
Bendigo  phenomena.  That  the  earth  is  as  rigid  in  its  resistance  to 
tidal  deformation  as  a  sphere  of  steel,  is  unquestionably  correct. 
On  the  other  hand,  we  know  it  is  sufficiently  plastic  to  allow  coast- 
lines and  mountain  ranges  to  rise  and  sink  on  the  great  laud  areas 
of  the  globe.  The  earth,  then,  while  capable  of  resisting  tidal 
stress,  which  might  be  called  a  momentary  force,  appears  to  be 
equally  incapable  of  sustaining  accumulative  or  slowly  applied 
stresses.  This  is  well  illustrated  at  Bendigo,  and  very  clearly 
shown  in  diagrammatic  form  in  Dunn's  monograph,  where  a  block 
of  rock  5280  feet  in  length  by  2000  feet  thick,  as  laid  down  in 
its  original  horizontal  position,  is  now  represented  by  a  block  of 
folded  rock  2250  feet  long  and  4700  feet  thick.  The  enormous  tan- 
gential pressure  that  produced  this  folding  and  land  elevation  was 
not  only  available  for  the  injection  of  molten  rock  into  suddenly 
formed  fissures,  but  also  for  the  continuation  of  the  stress  after  the 
consolidation  of  the  lava  in  the  dikes,  as  evidenced  by  their  very 
extensive  faulting.  This  latter  phenomenon  might  be  argued  as 
proof  against  the  long  period  of  time  required  to  fill  the  dikes  on 
the  mud-lava  hypothesis,  but  I  refrain.  To  those  who  do  not  be- 
lieve in  hydrostatic  pressure  in  volcanic  phenomena,  or  in  the  almost 

*  American  Journal  of  Science,  3d  series,  vol.  xxxv.,  p.  28,  18S8. 
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inconceivable  power  of  subterranean  energy,  the  published  re- 
searches of  Emmons  on  Leadville  and  Gilbert  on  the  Henry  moun- 
tains should  furnish  information  as  instructive  as  it  is  interesting;. 

We  are  now  informed  that  Mr.  Rickard  indicated  in  his  paper 
(Trans.,  xxii.,  317)  that  the  Bendigo  gold  was  derived  more  particu- 
larly from  that  portion  of  the  formation  "  which  is  beneath  the  area 
now  being  mined."  This  may  be  the  present  opinion  of  the  author; 
but  it  cannot  be  said  to  be  the  opinion  expressed  on  pages  306  and 
317  of  his  paper,  where  generalizations  will  be  found  suggesting  that 
the  gold  came  not  from  below  but  from  its  wide  and  even  dissem- 
ination in  the  mass  of  the  surrounding  formation,  where  bedding 
favored  the  circulation  of  mineralized  waters  and  the  anticlinal 
axes  furnished  arched  canals  to  facilitate  the  lateral  flow,  all  of  which 
indicates  lateral  secretion  in  its  modern  acceptance,  while  there  is 
nothing  to  indicate,  much  less  support,  an  ascension-theory. 

Before  entering  on  a  summary  of  the  origin  of  the  Bendigo  gold, 
I  ventured  to  give  a  brief  review  of  the  literature  of  the  subject. 
In  doing  so,  I  had  to  take  the  probable  and  the  improbable  hypothe- 
ses. I  dismissed  the  sublimation-theory  of  Rosales  and  of  Belt  in 
two  lines,  while  my  critic  occupies  double  the  space  to  prove,  as  it 
were,  a  negative.  I  did  not  base  any  argument  on  the  sublimation 
theory.  It  appears  to  me,  however,  that  the  iodine-theory  resur- 
rected by  Mr.  Rickard  and  the  sublimation-theory  of  Rosales  have 
points  in  common  ;  they  are  both  alike  highly  improbable,  at  vari- 
ance with  observed  facts  and  contrary  to  the  laws  of  chemistry. 

Mr.  Rickard's  statement  that  I  have  compiled  at  second-hand 
from  Lock  and  not  from  personal  examination  of  the  Australian 
authorities  is  entirely  beside  the  point  at  issue.  Apart  from  this, 
however,  the  assertion  carries  with  it  the  evidence  of  its  own  inaccu- 
racy. Almost  one-half  of  the  Australian  authorities  quoted  by  me 
are  not  to  be  found  in  Lock's*  work  ;  and  it  is  a  remarkable  coinci- 
dence that  these  are  the  authorities  with  which  Mr.  Rickard  ap- 
peared to  be  unfamiliar. 

Me.  Rickard  (communication  to  the  Secretary):  1  think  I  have 

*  The  footnote  (Trans.,  xxii.,  754)  on  which  Mr.  Rickard  bases  his  sweeping 
assertion,  referred  to  a  written  statement  prepared  by  Mr.  H.  A.  Thompson  for 
publication  in  the  work  of  R.  Brongh  Smyth,  page  246.  The  reference  was,  there- 
fore, to  the  original  publication  and  not  "quoting  at  second-hand  from  Lock."  In 
fact,  the  statement  does  not  occur  in  Lock's  work.  In  my  brief  review  of  the  litera- 
ture of  the  origin  of  gold  I  did  not  attempt  page-references,  as  in  most  cases  I  gave 
a  resume  of  the  author's  views.  < 
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stated  my  views  and  suggestions  with  sufficient  clearness  in  my 
original  paper  and  its  discussion  ;  and  I  am  content  to  leave  that 
statement,  as  it  stands,  to  the  intelligence  of  competent  and  candid 
readers.  Neither  needing  nor  desiring  to  pursue  a  personal  con- 
troversy concerning  my  own  consistency,  accuracy  or  fairness,  I 
concede  to  Mr.  Argall  the  last  word  in  that  line,  and  confine  myself 
to  two  points  in  his  contribution  which  seem  to  deserve  attention. 

The  first  is  the  question  whether,  in  asserting  that  the  basalt  of 
Kilauea  "owes  much  of  its  mobility  to  the  steam  which  it  contains,"  I 
was  contradicting  the  conclusions  of  Prof.  J.  D.  Dana.  That  this  is 
not  the  case,  I  think  can  be  clearly  shown.  The  passage  quoted  by 
Mr.  Argall  from  the  American  Journal  of  Science  does  not  deny  the 
agency  of  steam  as  a  factor,  but  simply  says  that  the  heat  is  suffi- 
cient for  the  perfect  mobility  of  the  material.  Prof.  Dana's  book, 
published  in  1890,  and  quoted  in  several  places  in  my  paper,  sustains 
my  view,  and  on  page  708  of  his  Manual  of  Geology  (second  edition) 
he  says,  at  the  end  of  a  passage  descriptive  of  Kilauea  :  "  The  mo- 
bility is  also  very  largely  promoted  by  the  vapors  rising  in  the  lava, 
especially  the  overheated  steam." 

With  regard  to  the  statement  that  the  Bendigo  dikes  occur  along 
the  course  of  most,  if  not  every  one,  of  the  anticlinal  axes,  and,  in- 
cidentally, that  the  ideal  section,  engraved  with  a  former  paper  of 
mine  [Trans.,  xx.,  471),  misrepresents  their  position,  I  ask  the 
reader,  bearing  in  mind  that  the  drawing  referred  to  was  offered 
only  as  an  ideal  section,  intended,  not  to  illustrate  any  particular 
point,  but  simply  to  give  a  rough  approximation  of  the  writer's  idea 
of  the  general  geological  structure  of  the  district,  to  judge  for  him- 
self whether  two  out  of  the  three  dikes  therein  indicated  do  or  do 
not  penetrate  synclinal  country.  What  my  conclusions  were  upon 
this  particular  point,  is  clearly  indicated  in  the  numerous  drawings* 
to  be  found  in  my  contributions  upon  this  gold-field. 

I  may  add,  in  conclusion,  that  I  do  not  see  how  the  question  of 
the  location  of  the  dike-fissures  bears  upon  that  of  the  condition  of 
the  material  which  filled  them. 

E.  W.  Raymond,  New  York  City :  One  or  two  of  Mr.  Argall's 
points,  which  Mr.  Rickard  has  not  cared  to  notice,  seem  to  me  worthy 
of  comment. 

The  proposition  that,  because  granite  is  "  intrusive,"  it  cannot  be 
considered  as  extruded  from   one  horizon   as  well  as  intruded  into 

*  Trans.,  xx.,  473,  485,  487,  489,  513,  515,  517,  527;  xxi.,  699,  701;  and  xxii., 
297. 
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another,   is    rather    too    fine    for   general    comprehension.       Geikie 

says  : 

"Granite  invades  and  alters  rocks  of  all  ages,  up  to  late  Mesozoic  and  Tertiary 
formations.  Hence,  it  does  not  belong  exclusively  to  the  earliest,  nor  to  any  one, 
geological  period,  but  has  rather  been  extruded  at  various  epochs,  and  may  even 
be  in  course  of  extravasation  now,  wherever  the  conditions  required  for  its  produc- 
tion exist.''* 

Prestwich  says: 

"In  South  America  we  find  the  granite  ....  extrusive  through  rocks  of  more 
recent  date,  and  forming  axial  masses  of  great  dimensions,  but  of  yet  unsettled  age, 
in  the  range  of  the  Andes."f 

Dana  says  that  the  terra  intrusive  signifies  that  rocks  "have  been 
ejected  from  below,  through  fissures  intersecting  other  rocks."  |  In 
view  of  these  quotations,  which  might  be  multiplied  if  necessary,  it 
seems  to  me  that  Mr.  Pickard  is  in  respectable  company  when  he 
speaks  of  granite  as  having  been  "extruded." 

Mr.  Argall's  allusion  to  the  uniformitarian  school  of  geologists 
brings  up  a  matter  of  considerable  historical  interest.  The  work  of 
Hutton,  who  is  regarded  as  the  founder  of  that  school,  was  published 
at  about  the  close  of  the  last  century,  and  Playfair's  redaction  of  it 
appeared  after  the  beginning  of  the  present  century,  while  the  great 
treatise  of  Lyell,  which  really  constitutes  the  authoritative  utter- 
ance of  the  school,  appeared  some  thirty  years  later.  It  is  not 
easy  to  show  from  these  authorities  that  the  so-called  "Uniformi- 
tarians "  ever  insisted  upon  the  proposition  that  the  processes  of 
nature  have  always  been  the  same  in  intensity  or  rate  as  well  as  in 
iind.  Hutton's  principle  was,  that  "  in  examining  things  present, 
•ve  have  data  from  which  to  reason  with  regard  to  what  has  been;" 
;ind  Lyell  proceeds  upon  that  basis  to  deny  the  necessity  of  imagin- 
ing other  causes  than  those  now  in  action  to  account  for  the  past.  I 
do  not  think  either  of  them  ever  dreamed  of  declining  to  admit 
such  a  "  catastrophe "  as  the  formation  of  an  eruptive  dike,  or  of 
refusing  to  accept  evidence  that  the  intensity  of  natural  processes 
was  greater  in  some  periods  and  in  some  places  than  in  others. 

I  am  not  acquainted  with  any  school  of  geologists  which  deserves 
the  peculiar  name  "  evolutionary."  Cotta,  in  his  Geologie  der  Ge- 
genwart,  was  perhaps  the  first  to  employ  that  term;  but  even  his 

*  Textbook  of  Geology,  3d  ed.,  1893,  p.  565. 

f  Geology,  Chemical,  Physical,  and  Strati  graphical,  vol.  i.,  p.  428. 

%  Manual  of  Geology,  2d  ed.,  p.  63. 
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brilliant  genius  could  not  impress  upon  geological  science  any  form 
corresponding  with  the  laws  and  processes  of  evolution,  as  revealed 
in  the  vegetable  and  animal  kingdoms.  The  analogy  is  a  pure  rhet- 
orical fancy. 

Prof.  Prestwich,  in  the  preface  to  his  Geology  (1886),  professes  to 
deem  it  necessary  to  furnish  a  work  representing  the  views  of  a 
school  "  which,  until  of  late,  has  hardly  had  its  exponent  in  Eng- 
lish text-books,"  and  declares  that  school  to  be  the  one  which  con- 
siders "  that  the  physical  forces  were  more  active  and  energetic  in 
geological  periods  than  at  present;"  while,  according  to  his  statement, 
the  opposite  school  "adopts  uniformity  of  action  in  all  time."  But 
he  admits  that  Lyell  did  not  go  so  far  as  this ;  and,  curiously  enough, 
I  am  unable  to  find  in  his  two  octavo  volumes  a  single  citation  pre- 
senting the  proposition  which  they  were  professedly  published  to  dis- 
prove. It  is  natural  that  the  author  of  a  new  text-book  should  seek 
to  justify  its  appearance  by  claiming  for  it  a  new  standpoint;  but  a 
really  new  school  is  not  so  easily  founded.  Prestwich's  treatise  does 
not,  so  far  as  I  can  discover,  make  any  use  of  his  new  principle, 
except  with  reference  to  certain  calculations  based  on  the  observed 
rate  of  denudation  and  sedimentation  at  the  present  time.  This 
rate,  he  claims,  was  greater  in  former  times — a  proposition  which  I 
do  not  suppose  any  school  would  pronounce  impossible,  though  the 
evidence  supporting  it  might  affect  different  reasoners  differently. 
But  whatever  conclusion  might  be  reached  would  be  entirely  within 
the  limits  of  the  principles  and  methods  of  Lyell,  and  could  not  be 
regarded  as  the  foundation  of  a  new  school.  Still  less  could  it  be 
called  "evolutionary."  It  is  quite  the  fashion  to  decry  "  uniformi- 
tarianism,"  and  the  name  itself  unfortunately  makes  such  superficial 
disparagement  plausible.  But  I  think  we  are  all  still  in  the  school 
of  Hutton  and  Lyell,  and  likely  to  stay  there,  however  much  we 
may  desire  to  dignify  with  the  rank  of  new  departures  our  steps  of 
progress  on  the  lines  they  marked  out. 
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Discussion,  at  the  Virginia  Beach  Meeting,  February,  1894,  of  the  Paper  of 
Prof.  Posepny.  {Tram.,  xxiii.,  197,  587.)  Including  communications  subse- 
quently received. 

T.  A.  Rickaed,  Denver,  Colorado  (communication  to  the  Secre- 
tary) :  The  paper  of  Professor  Posepny  was  printed  so  short  a  time 
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before  the  Chicago  meeting  that  it  could  not  receive  at  that  meeting 
the  thorough  discussion,  based  upon  careful  study,  which  its  great 
importance  and  value  deserved.  In  the  remarks  which  I  made  on 
that  occasion,  I  could  do  little  more  than  express,  with  others,  our 
thanks  to  the  distinguished  author  for  this  admirable  treatise  on  a 
subject  of  such  general  and  permanent  interest.  Further  examina- 
tion of  it  has  confirmed  the  opinion  that  its  appearance  marks  an 
epoch,  particularly  in  this  country,  in  the  study  of  ore-deposits,  and 
their  origin,  and  has  led  me  to  feel  that  our  appreciation  of  it  will 
be  best  expressed  in  aiding  its  purpose  and  widening  its  usefulness 
by  the  free  contribution  of  facts  and  interchange  of  views  which  it 
invites. 

I  have,  elsewhere,*  expressed  some  dissatisfaction  with  the  new 
names  introduced  in  this  paper;  and  it  has  seemed  to  me,  also,  that 
the  classification  of  ore-deposits,  which  it  proposes,  is  unnecessarily 
complicated.  From  the  stand-point  of  a  mining  engineer,  we  have 
had,  in  my  judgment,  no  classification  more  practical  and  sensible 
than  that  suggested  by  Dr.  Raymond,  twenty-five  years  ago  (outlined 
in  Professor  Posepny's  paperf).  If  any  modification  of  it  be  per- 
missible, I  would  suggest  the  following  : 

I.  Surface-Deposits. 

A.  Due  to  mechanical  agencies. 

B.  Due  to  chemical  agencies. 
II.  Inclosed  Deposits. 

A.  Bedded. 

a.  Contemporaneous,  in  origin,  with  country-rock. 
6.  Subsequent,  in  origin,  to  country -rock. 

B.  Not  bedded. 

a.  Due  to  dislocation. 
6.  Due  to  impregnation. 

Surface-deposits  have  no  regular  form,  and  are,  therefore,  distin- 
guished primarily  by  their  origin.  Class  A  would  be  typified  by 
gold-bearing  placers,  and  Class  B  by  deposits  of  bog  iron-ores. 

When  we  come  to  inclosed  deposits,  we  find  an  extreme  com- 
plexity ;  but  we  readily  recognize  that  some  are  conformable  to  the 
bedding  of  the  country-rock,  while  others  are  independent  of  it.  We 
can  further  distinguish  those  which  are  of  contemporaneous  origin, 
such  as  the  coal-beds,  from   those  which  were  formed  after  the  de- 

*  Eng.  and  Min.  Jour.  -j-   Trans.,  xxiii  ,  204. 
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position  of  the  country-rock.  To  this  class  belong  ore-deposits  which 
have  replaced  beds  of  limestone;  and  another  pretty  example  is 
afforded  by  the  Bendigo  saddle- reefs,  which  are  conformable  to  the 
anticlinal  curves  of  the  country-rock,  but  were  clearly  formed  after 
both  the  original  sedimentation  and  the  subsequent  folding. 

Among  the  non-bedded  deposits  there  is  no  limit  to  diversity  of 
structure  and  of  origin.  We  recognize,  however,  that  the  fissure- 
veins  which  cut  across  the  bedding,  but  retain  a  definite  position  due 
to  their  formation  along  lines  of  original  dislocation,  may  be  dis- 
tinguished from  the  irregular  impregnations,  due  as  much  to  the 
chemical  composition  of  the  country-rock  as  to  its  structure.  These 
two  types,  however,  are  forever  intermingled.  It  is  seldom,  indeed, 
that  an  ore-deposit  has  not  some  features,  however  faint,  of  form  and 
structure  dependent  upon  those  of  the  country-rock,  while,  on  the 
other  hand,  it  is  not  often  that  a  fissure-vein  is  found  which  does  not 
exhibit,  in  places,  a  lack  of  definition,  due  to  metamorphic  action 
upon  its  inclosing  walls. 

In  the  discussion  of  the  origin  of  fissures,  Prof.  Posepny  has 
touched  upon  a  point  which  has  been  the  subject  of  frequent  debate. 
I  fully  believe  that  dislocation  accompanies  the  formation  of  a  fis- 
sure, and  that  a  movement  of  its  walls  is  often  evidenced  by  slick- 
ensides  and  stria?.  Yet,  this  has  been  questioned  by  one  or  two 
members  of  the  Institute  who  are  known  to  be  both  accurate  and 
experienced  observers.  The  question  at  issue  is  a  vital  one,  if  we 
desire  to  obtain  a  clear  idea  of  the  mode  of  formation  of  mineral 
veins.  It  has  been  denied  that  the  stria?  and  sl'ckensides  observed 
upon  the  walls  of  lodes  necessarily  prove  that  movement  has  taken 
place ;  but  it  has  never  been  clearly  shown  what  other  agency  did 
form  them.  Prof.  John  A.  Church  has  discussed  this  matter  in  a 
most  interesting  way,*  and  has  pointed  out  that  slickensides  may  be 
formed,  not  only  by  rubbing  but  also  by  "deformation,  as  when  a 
plastic  substance  like  clay  is  forced  through  an  opening,"  and  again 
by  deposition  in  fine  parallel  lines.  Recently,  Prof.  Daubree  has 
experimentally  proved  that  gases  under  high  pressure  are  capable  of 
producing  stria?  upon  rock-surfaces.f  It  is  true  that  a  distinction  is 
made  between  stria?  and  slickensides,  but  I  look  upon  the  two  as  the 
work  of  the  same  agency.     Iu   the  former  case  we  have  coarse  rub- 

*  Eng.  and  Min.  Jour.,  April  30,  June  11  and  IS,  1S92. 

f  Bull.  Soc.  Geol.  de  France,  3  se>ie,  Feb.,  1891,  t.  xix.,  p.  313.  Compt.  rend 
Acad.,  t.  cxi.,  pp.  767,  857,  seances  du  2i  Nov.  et  du  8  Dee.,  1S90.  Compt.  rend. 
Acad.,  t.  cxii.,  p.  125,  stance  du  19  Jan.,  1891. 
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bing  due  to  large  particles,  and  in  the  latter,  fine  polishing  due  to 
minute  particles.  There  is  no  doubt,  however,  that  certain  struc- 
tures are  called  striae,  which  are  to  be  ascribed  to  causes  other  than 
those  usually  supposed  to  produce  striae  and  slickensides.  As  I 
write  I  have  before  me  a  large  piece  of  rock,  the  surface  of  which 
exhibits  fine  parallel  lines,  which,  at  the  mine  (the  Hillside,  in  Ya- 
vapai county,  Arizona),  were  called  striae.     The  rock  was  part  of 
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Fig.! 

HILLSIDE  MINE,  ARIZONA 


the  casing  of  a  cavity  found  in  the  hanging-wall  of  the  lode,  which 
traversed  a  quartzose  talc-schist.  Its  surface  has  been  covered*  by 
a  series  of  siliceous  coatings,  doubtless  deposited  by  the  mineral- 
bearing  waters  which  circulated  over  it.  The  precipitation  took 
place  along  certain  parallel  lines,  probably  marking  the  direction  of 
flow  of  the  circulating  waters,  and  the  resulting  appearance  is  to  be 
regarded  as  a  pretty  example  of  a  variety  of  crust ification,  but,  com- 


•■■   As  shown  by  viewing  the  broken  edges  of  specimens. 
vol.  xxiv. — 60 
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ing  as  it  does  from  a  lenticular  hole,  cannot  have  been  due  to  rub- 
bing caused  by  faulting. 

In  the  accompanying  drawing  (Fig.  1),  reproduced  from  a  sketch 
made  underground,  the  cavity  above  referred  to  is  marked  A.  There 
are  two  others,  B  and  F,  of  the  same  kind.  D  is  a  seam  6  inches 
thick,  of  white  talcose  gouge,  lining  the  footwall,  and  separating  it 
from  C,  which  is  the  lode  itself.  The  latter  is  15  to  18  inches  wide, 
and  consists  of  quartz,  iron  pyrites,  zinoblende,  and  a  little  galena, 
very  much  intermingled,  and  carrying  gold  and  silver  in  almost 
equal  proportions.  The  lode  itself  reproduces  to  a  noticeable  extent 
the  structure  of  the  country-rock  which  it  has  replaced.  The  cavi- 
ties in  the  hanging-wall  are  also  surrounded  by  talc-schist,  which  is 
mineralized  to  such  a  degree  as  to  constitute  "  low-grade  ore."  The 
vein  cuts  clear  through  the  foliation,  nearly  horizontal,  of  the  talc- 
schist  and  the  alteration  of  the  country-rock,  while  most  marked  in 
C,  extends  to  a  varying  distance  on  either  side. 

Not  infrequently  the  quartz  of  a  lode  has  striated  markings  which 
are  but  the  negative  of  those  occurring  on  the  wall-rock.*  In  such 
cases  the  quartz  is  sometimes  entirely  solid  and  unbroken,  suggesting 
that  it  was  deposited  upon  the  previously  striated  surface,  and  that 
it  has  not  only  replaced  the  substance  but  also  reproduced  the  struc- 
ture of  the  rock  once  inclosed  by  the  fissure  walls.  On  the  other 
hand,  one  instance  may  be  cited  where  it  seems  necessary  to  suppose 
that  movement  took  place  subsequently  to  the  deposition  of  the 
quartz.  At  the  1800-foot  level  in  the  Great  Extended  Hustler's 
minef  at  Bendigo,  Australia,  the  quartz  lying  against  the  hanging- 
wall  of  the  reef  exhibited  a  surface  as  smooth  as  polished  ivory,  but 
distinctly  grooved,  and  also  marked  with  fine,  dark  lines,  parallel  to 
the  grooves.  The  latter  had,  I  believe,  an  origin  similar  to  that  of 
ordinary  striae,  while  the  dark  lines  were  due  to  the  grinding  of  par- 
ticles of  pyrite  observable  in  the  quartz.  Though  this  quartz  seemed 
to  the  eye  as  hard  as  adamant,  it  would  readily  crumble  away  when 
pressed  between  the  fingers.  It  had  been  crushed  to  the  consistency 
of  common  table-salt,  which,  save  for  the  presence  of  occasional  crys- 
tals of  pyrite,  and  for  its  highly  polished  surface,  it  much  resembled. 

Objection  has  been  raised  to  accepting  the  occurrence  of  clay, 
striae  and  slickensides  as  necessary  evidence  of  faulting,  because  they 
are  occasionally  absent  where  movement  may  be  supposed  to  have 
taken  place.     In  such  instances,  it  is  reasonable  to  infer  that  they 

*  Instances  of  such  are  to  be  seen  in.  the  gold-quartz  veins  of  California. 
f  See  Trans.,  vol.  xx.,  512  el  seq. 


THE    GENESIS    OP    OEE-DEPOSITS.  947 

have  been  destroyed  by  agencies  identical  with  those  to  which  the 
lode-formation  is  due,  namely,  the  replacement  of  country-rock,  often 
in  a  crushed  and  shattered  condition,  by  ore,  through  the  metamor- 
phic  action  of  percolating  solutions. 

There  is  a  fanciful  notion  current  among  miners  that  a  smooth 
wall  and  a  thick  gouge  are  the  necessary  adjuncts  of  a  productive 
"  true  fissure-vein."  Experience  does  not  confirm  this  belief.  A 
defined  wall  and  a  soft  seam  of  clay  are  naturally  welcome  to  the 
miner,  because  they  facilitate  the  actual  breaking  down  of  the  vein- 
stuff;  but  they  are  no  more  characteristic  of  productive  than  of  bar- 
ren lodes. 

The  irregularity  in  the  dip  of  some  veins  has  been  cited  as  dis- 
proving the  possibility  of  their  formation  along  lines  of  faulting. 
Occasionally  mine-workings  show  that  the  dip  of  a  vein  is  reversed; 
and  the  formation  of  the  fracture  which  it  occupies  cannot  be  re- 
ferred to  a  continuous  line  of  movement,  because  that  would  have 
involved  the  shearing-off  of  the  opposing  angle.  But  it  is  not  nec- 
essary to  suppose,  nor  do  facts  suggest,  that  lodes  are  generally  formed 
along  continuous  or  single  lines  of  movement.  As  Prof.  Posepny 
has  well  shown,  it  is  the  study  of  the  circulation  of  underground 
waters  which  affords  the  key  to  much  that  is  perplexing  in  ore- 
deposition.  In  such  cases  as  are  here  referred  to,  it  is  rational  to 
suppose  that  the  mineralizing  solutions  searched  out  the  easiest  way 
which  offered  itself.  They  did  not  necessarily  percolate  along  a  sin- 
gle definite  straight  line  of  Assuring,  but  often  deviated  from  it, 
whenever  it  afforded  a  less  ready  passage  than  was  offered  by  other 
fractures  which  united  with  it  or  crossed  it.  An  instance  which 
occurs  to  me  as  I  write,  is  furnished  by  the  Seven-Thirty  mine  at 
Silver  Plume,  Colorado.  The  lode  consists  of  a  system  of  veins 
carrying  rich  silver-ore,  the  most  productive  of  which  is  that 
which  bears  the  name  of  the  mine.  It  rarely  has  any  considerable 
width  ;  it  is  often  only  a  thread  traversing  the  coarsely  crystalline 
granitoid  gneiss  and  porphyritic  microcline  granite  of  the  region.  At 
the  third  level,  about  280  feet  from  the  surface,  there  is  a  very  marked 
irregularity  in  the  course  of  the  vein,  presenting  some  interesting 
features,  which  the  accompanying  sketch  (Fig.  2)  will  help  to  explain. 

From  the  shaft  eastward  for  several  hundred  feet  (A  to  B)  the 
vein  carries  ore  ;  but  its  width  is  small  and  irregular.  The  lode 
widens  rapidly  at  B,  where  it  also  meets  with  a  sudden  deviation  in 
its  course.  At  a  first  glance,  this  looks  very  much  like  a  fault,  but 
subsequent  examination  will  correct  such  a  view.     The  fissure  con- 
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tinues  in  a  straight  line  from  K  to  L,  after  the  ore  has  swerved  to 
the  south.  Instead  of  maintaining  its  eastward  course,  the  ore  is 
disposed  in  two  cross-veins,  CD  and  EF,  nearly  at  right  angles  with 
that  course,  which  unite  with  a  fissure,  MQ,  similar  in  character  and 
parallel  in  strike  to  that  from  which  they  sprung,  AL.  Both  AL 
and  MQ  are  continuous  so  far  as  they  have  been  followed  in  the 
mine-workings.  The  walls  are  well-marked,  even  after  they  cease  to 
enclose  ore.  The  cross-veins,  CD  and  EF,  lack  well-defined  bounda- 
ries. The  western  branch,  CD,  is  a  streak,  about  3  inches  wide,  car- 
rying ore  of  a  tenor  of  300  ounces  of  silver  per  ton,  while  the  east- 
ern branch,  EF,  is  larger,  about  1  foot  wide,  and  carries  ore  of 
lower  grade,  about  100  ounces  per  ton.  The  latter  is  accompanied 
by  much  more  galena  than  the  former.  The  distance  between  the 
two  is  10  feet;  their  length  is  44  feet.  The  country  separating 
them  is  not  noticeably  altered  or  mineralized. 

This  is  not  an  instance  of  faulting  ;  the  ore  is  found  in  connection 
with  a  system  of  fractures,  AB,  CD,  EF  and  MQ,  the  varied  struc- 


Fig.2 

SEVEN  THIRTY  MINE,  COLORADO. 

ture  and  arrangement  of  which  modified  the  circulation  of  mineral- 
izing solutions,  and  so  brought  about  the  irregularity  in  the  depo- 
sition of  the  various  minerals  comprising  the  ore.  The  mineralizing 
waters  met  with  diverse  conditions.  From  A  to  B  the  fissure  was 
tight,  and  its  boundaries  were  distinct,  limiting  the  circulation  to  a 
narrow  channel ;  hence  a  small  streak  of  ore  was  found.  At  B  the 
shattering  of  the  country-rock  accompanying  the  formation  of  the 
cross-fractures,  CD  and  EF,  offered  facilities  for  the  ready  penetra- 
tion of  the  solutions  and  for  chemical  interchanges.  From  C  to  D 
and  from  E  to  F  the  irregular  fracture  across  the  foliation  of  the 
country-rock  produced  irregular  but  rich  streaks  of  ore.  On  meet- 
ing with  the  other  main  line  of  fissure  the  solutions  again  found 
well-defined  boundaries  which  put  a  check  to  the  metamorphic  re- 


THE    GENESIS   OF    OKE-DEPOSITS.  949 

placement  of  the  conntry-rock,  and  it  was  not  till  the  conditions 
changed  (at  O),  that  a  notable  width  of  ore  was  again  deposited. 

Many  supposed  faults  found  in  mine- workings  are  really  of  this 
character.  There  has  been  a  deviation  in  the  course,  and  a  marked, 
diminution  or  increase  in  the  amount  of  ore-deposition,  because  the 
mineralizing  solutions  have  circulated  along  those  fractures  which 
presented  the  easiest  passage  and  offered  the  conditions  most  favora- 
ble to  chemical  interchanges. 

Returning  to  the  subject  of  striae,  slickensides  and  clay-seams,  I 
must  say,  that  while  the  questioning  of  accepted  theories  is  whole- 
some, and  the  views  quoted  above  deserve  respectful  consideration, 
it  seems  to  me  that  observed  facts  warrant  the  general  belief  that 
these  phenomena  have  usually  been  produced  by  the  rubbing  of  two 
faces  of  rock  which  have  undergone  movement;  and  I  do  not  sym- 
pathize with  those  who  consider  that  the  ordinary  explanation  is  far- 
fetched. We  know  that  the  rock-formations  of  <he  upper  earth  have 
undergone  movement,  for  this  is  proved  by  all  geological  investiga- 
tion. Further,  we  have  every  reason  to  believe  that  movement 
among  beds  of  rock  of  unequal  flexibility  must  cause  some  to  break. 
Facts  confirm  such  a  belief.  Again,  every  break  must  be  coincident 
with  a  movement  ;  for  a  fracture  can  hardly  be  said  to  exist  until 
made  evident  by  movement  however  slight.  At  any  rate  a  fracture 
unaccompanied  by  movement  would  not  give  the  relief  required  by  a 
series  of  beds  exposed  to  such  strain  as  necessitated  a  rupture.  Such 
movement  must  be  accompanied  by  friction,  due  to  the  tendency  to 
smooth  down  the  irregularities  of  the  two  opposing  rock-faces. 
Where  movement  has  once  occurred,  a  line  of  less  resistance  is  estab- 
lished, and  a  repetition  of  movement  is  likely.  The  result  is  to  break 
small  particles  from  off  projecting  points  and  so  form  a  dust  which 
water  makes  into  mud  or  clay,  also  to  scratch  the  surfaces  in  contact, 
forming  stria?,  and  to  polish  them,  forming  slickensides.  Why 
therefore  deny  the  probability,  even  the  necessity,  of  the  movement 
of  the  walls  of  a  fissure,  and  why  endeavor  to  give  to  the  markings 
of  rocks  underground  an  origin  other  than  the  one  which  would  cer- 
tainly be  ascribed  to  them  if  they  were  found  on  rocks*  at  the  sur- 
face? 

The  pages  which  Prof.  Posepny  devotes  to  an  inquiry  into  the  con- 
ditions governing  the  flow  of  underground  waters  are  among  the 
most  valuable  of  his  treatise.     His  explanations   will   do  much  to 

*  No  one  questions,  for  instance,  that  the  scratching  seen  on  boulders  from  a 
glacial  moraine  are  the  result  of  rubbing  due  to  movement. 
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clarify  our  conceptions  of  the  mode  of  behavior  of  underground 
waters,  and  will  doubtless  suggest  further  inquiry  in  the  same  di- 
rection. The  word  "circulation"  is  the  key  to  the  whole  matter. 
There  has  been  a  tendency  to  speak  of  descending,  lateral  and  as- 
cending currents,  as  though  the  one  adjective  would  cover  the  man- 
ner of  movement  of  all  mineral  solutions.  An  ascending  flow  was 
supposed  to  have  formed  this  lode,  descending  that  one,  while  others 
again,  steering  a  middle  course,  have  imagined  that  ore-formations 
derived  their  origin  from  solutions  having  a  lateral  flow.  In  each 
case  a  narrow  view  of  the  subject  is  both  unphilosophic  and  un- 
scientific; it  has  too  often  been  the  obstacle  to  progress  in  this 
branch  of  geology.  One  great  fact  confronts  us,  and  that  is  cir- 
culation. 

The  distinguished  author  is  himself  carried  away  by  his  preju- 
dices, and  in  the  latter  portions  of  his  treatise*  allows  his  ascen- 
sionist  views  to  lead  him  too  far  and  in  part  to  forget  the  very 
forcible  teaching  given  in  the  earlier  pages.  Much  will  be  done 
to  explain  the  many  puzzling  and  apparently  contradictory  feat- 
ures exhibited  by  the  ore-deposits  of  different  regions  if  we  remem- 
ber that  mineral  solutions  both  descend  and  ascend,  that  occasionally 
they  may  have  an  approximately  lateral  flow,  and  that  in  each  in- 
stance their  circulation  is  governed  by  a  diversity  of  ever-changing 
conditions. 

Water  must  first  descend  in  order  afterwards  to  ascend.  The 
known  density  of  the  earth  precludes  the  supposition  that  its  in- 
terior contains  any  reservoirs  of  water ;  the  sinking  of  deep  wells 
and  bore-holes  has  indicated  that  at  a  comparatively  short  distance 
from  daylight  the  temperature  is  so  high  that  water  could  not  exist 
as  such,  but  would  be  dissociated  into  its  constituent  gases;  while 
actual  mining  exploration  has  shown  that  in  the  deepest  mines 
there  is  less  water  encountered  in  depth  than  in  proximity  to  the 
surface.  These  facts  all  confirm  the  every-day  observation  that  un- 
derground waters  originate  from  the  rain  and  snow  precipitated  from 
the  atmosphere. 

We  may  compare  the  circulation  of  water  up  and  down,  through 
the  earth's  rocky  exterior,  to  that  of  the  ordinary  heater  in  a  house. 
The  water  circulates  because,  when  hot,  it  rises  through  the  length 
of  pipe,  and,  when  cool,  it  falls  back  to  be  reheated.  Using  this 
analogy  to  explain  Nature's  operations,  we  have  at  one  end  the  con- 
densation and  precipitation  of  moisture  due  to  a  fall  of  temperature, 

*  Compare  Trans.,  xxiii.,  249. 
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while  at  the  other,  and  deep  down  in  the  earth's  rooky  confines,  we 
have  a  heat  which  sends  the  water  back  to  the  surface.  In  this 
matter  of  ore-deposition  we  are  not  concerned  with  the  two  ends  of 
the  circuit.  We  have  no  particular  interest  for  the  moment  in  that 
part  of  the  water-circulation  which  intervenes  between  its  elevation 
by  evaporation  from  the  earth's  surface  and  its  return  as  rain  ;  nor, 
on  the  other  hand,  can  we  see  what  goes  on  at  the  other  end  of  the 
circuit.  We  can  only  guess  what  conditions  obtain  and  what  phe- 
nomena occur  at  depths  inaccessible  to  man.  All  our  investigations 
must  concern  themselves  with  the  intermediate  stage,  that  stage 
which  is  most  particularly  marked  by  the  transition  from  higher  to 
lower  temperatures,  and,  inversely,  from  increasing  to  diminishing 
pressures.  It  is  the  nice  adjustment  of  these  conditions  which,  on 
the  one  hand,  favors  precipitation,  and,  on  the  other,  compels  solu- 
tion. To  the  miner,  therefore,  it  may  appear  most  important  to  in- 
vestigate those  factors  which  bring  about  precipitation,  because  to 
them  must  be  ascribed  the  immediate  agency  of  ore-deposition.  It 
would  simplify  his  ideas  if  he  could  speak  of  an  upper  zone  of  pre- 
cipitation, where  the  temperature  is  low  and  the  pressure  light,  in 
contradistinction  to  a  lower  region  of  solution,  where  the  heat  is 
great  and  the  pressure  intense.  Such  attempts  to  separate  the  lo- 
cality of  the  two  processes,  however,  must  not  be  carried  too  far. 
Precipitation  has  no  sooner  ceased  than  solution  begins.  It  is  the 
excess  of  the  one  over  the  other  which  causes  the  deposition  of  ore 
in  one  place  and  its  removal  to  another.  Similarly,  in  our  talk  of 
"primary  "  and  "  secondary  "  deposits  of  ore,  while  some  such  dis- 
tinction may  be  necessary  for  the  purpose  of  explaining  differences 
of  immediate  origin,  we  must  not  fail  to  recognize  that  all  the  ore- 
deposits  within  the  ken  of  man  are  essentially  secondary.  There  has 
been  nothing  original  since  the  world  was  first  evolved  from  chaos. 
We  have  to  deal  with  a  continuous  rearrangement  of  material.  The 
ore  of  one  place  came  thither  by  removal  from  another.  Whether 
it  be  present  in  minute  microscopic  particles  or  in  blocks  as  big  as  a 
house  is  a  distinction  more  economic  and  commercial  than  scientific 
and  philosophic.  The  decomposition  of  one  mineral  is  required  for 
the  composition  of  another.  Ore-deposits  are  in  their  nature  con- 
centrations, whether  by  the  mechanical  accumulation  of  disin- 
tegrated fragments  of  older  deposits  or  by  the  local  regathering  or 
segregation  by  chemical  agencies  of  minerals  previously  widely  and 
minutely  disseminated,  or  finally  by  the  addition,  bit  by  bit,  through 
mechanical  and  chemical  force,  of  the  matter  brought  from  above 
or  below  by  circulating  waters. 
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The  frequent  occurrence  of  thermal  springs  in  the  neighborhood 
of  later  eruptive  rocks  is  very  properly  emphasized  by  Prof.  Posepny, 
and  is  of  immediate  importance  to  the  student  of  ore-deposition 
because  the  eruptive  rocks  are  in  turn  found  so  often  in  close  associa- 
tion with  lode-formations.  That  thermal  springs,  eruptive  rocks 
and  ore-deposits  are  intimately  inter-related  in  their  origin  is  gener- 
ally accepted.  In  this  connection  I  may  be  permitted  to  contribute 
some  additional  facts. 

Besides  the  localities  quoted  by  Prof.  Posepny,  I  would  mention 
the  Haurakior  Thames  gold-field,  in  the  North  Island  of  New  Zea- 
land, where  a  good  opportunity  is  offered  for  the  study  of  this  sub- 
ject. In  the  Coromandel  peninsula  of  the  North  Island,  there  is  a 
gold-bearing  belt  extending  for  nearly  a  hundred  miles,  from  Cape 
Colville  to  Te  Aroha.  The  prevailing  country-rock  consists  of  Ter- 
tiary eruptives,  through  which  patches  of  Carboniferous  slate  occa- 
sionally appear.  There  are  thermal  springs  scattered  throughout 
the  region.  At  the  principal  mining  center,  the  Thames,  the  escape 
of  carbonic  acid  gas  has  often  caused  a  temporary  cessation  of  work 
in  the  mines.  There  are  soda-water  springs  in  the  vicinity  of  the 
Thames.  At  Te  Aroha,  at  one  end  of  the  gold-belt,  there  is  a  group 
of  celebrated  medicinal  hot  springs.  This  last  locality  is  connected 
by  a  continuous  chain  of  thermal  springs  with  Rotomahana,  about 
45  miles  distant,  the  famous  hot-lake  region,  the  pink  and  white 
sinter-terraces  of  which  were  known  for  their  beauty  throughout  the 
world,  until  Mt.  Tarawera  broke  out  in  sudden  eruption  and  destroyed 
them  in  1884. 

Veins  of  gold-bearing  quartz,  recent  eruptive  rocks,  thermal 
springs,  dying  solfataric  action,  and  active  volcanic  force,  are  all  in- 
timately associated  in  this  corner  of  the  world. 

At  the  Thames,  the  leading  mining  town  of  the  island,  bodies  of 
gold-ore  of  unusual  richness  have  been  found.  In  1871,  the  Cale- 
donia mine  produced  10  tons  of  gold  and  paid  three  million  dollars 
in  dividends.  In  1878,  at  the  Moanataeri,  5400  pounds  of  quartz 
yielded  14, GOO  ounces  of  gold.  The  prevailing  country-rock  is  an 
andesite  breccia,  traversed  by  zones  of  decomposition,  in  which  the 
gold-veins  occur.  At  Kotorua,  in  the  hot-lake  district  already 
referred  to,  the  plain  is  in  part  covered  with  fragmentary  andesite. 
This  material  is  usually  loose  and  unconsolidated.  Near  the  edges 
of  the  fumaroles,  which  are  numerous,  it  has,  however,  become 
cemented,  and  then  very  much  resembles  the  country-rock  of  the 
mines.  The  rims  of  the  fumaroles  also  exhibit  products  of  decom- 
position, which  are  similar  in  character  to  those  observed  in  the  lode- 
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channels  at  the  Thames,  and  which,  because  they  are  soft  and 
granular,  have  been  termed  "  tufaceous  sandstone."  Quartz  closely 
resembling  that  of  the  gold-veins  of  the  mines  can  also  be  seen  to  be 
deposited  around  certain  of  the  fumaroles  and  hot  springs  referred 
to  above.  My  examination  of  the  ore-occurrence  and  vein-structure, 
though  incomplete,  led  me  to  conclude  that  the  deposition  of  the 
gold  and  its  associated  minerals  had  followed  certain  lines  of  altered 
country-rock  which  had  been  exposed  to  the  effects  of  dying  but 
lingering  solfataric  agencies.* 

Another  district  which  affords  evidence  to  help  us  in  studying  this 
subject  is  that  of  Pontgibaud,  in  south-central  France,  among  those 
volcanic  peaks  of  Auvergne  which  have  been  rendered  classic  by  the 
work  of  Poulet  Scrope.  The  silver-lead  lodes  of  this  district  have 
been  very  extensively  developed,  and  their  geological  structure  has 
more  than  once  received  notice  at  the  hands  of  competent  observers,  f 
The  country-rock  consists  of  gneiss  and  mica  schist,  penetrated  by 
dikes  of  granulite.|  The  lodes  are  of  later  date  than  the  dikes,  but 
older  than  the  Pliocene  flows  of  basalt  which  cover  their  croppings. 
The  period  of  their  formation  is  considered  to  have  been  between  the 
middle  Miocene  and  the  middle  Pliocene,  very  probably  contempo- 
raneous with  the  extension  of  the  acid  eruptives  of  Mont  Dore,  which 
took  place  at  the  beginning  of  the  middle  Pliocene.  The  lodes 
generally  follow  the  veins  of  granulite,  and  are  productive  only  when 
so  associated.  When  the  dike-rock  in  which  the  lode  occurs  is  most 
feldspathic,  the  metalliferous  filling  is  most  valuable. 

In  this  region  mineral  springs  are  abundant,  and  the  escape  of 
carbonic  acid  gas  has  frequently  put  a  temporary  stop  to  underground 
work.  This  applies  particularly  to  that  part  of  the  district  through 
which  the  river  Sioule  flows  between  the  town  of  Pontgibaud  and 
the  mines  at  Pranal.  Often,  while  fishing  along  the  stream,  I  have 
noted  places  where  there  is  a  constant  escape  of  carbonic  acid  gas 
from  its  bed  to  the  surface.  At  Pranal  there  appears  to  be  an  inti- 
mate connection  between   the  lode-fissures  and  the   volcanic  vents. 

*  See  also  "  Certain  Dissimilar  Occurrences  of  Gold-Bearing  Quartz"  by  the 
writer,  in  the  Proceedings  of  the  Colorado  Scientific  Society,  for  1893. 

f  Annates  des  Mines,  M.  Gu^nyveau,  1st  series,  t.  vii.,  pp.  162  to  188.  MM. 
Rivot  and  Zeppenfeld,  4th  series,  t.  xviii.,  1850,  pp.  137  to  257,  361  to  446.  Also 
recently  M.  Lodin,  April,  1892,  in  a  paper  entitled,  "Etude  sur  les  gites  raetal- 
lif&res  de  Pontgibaud,"  published  in  the  Annates  des  Mines,  9th  series,  t.  i.,  pp.  389 
to  504. 

X  If  it  were  in  our  West  it  would  be  called  "  porphyry  " — a  term  which  has  gradu- 
ally been  losing  its  distinctive  meaning  through  careless  use. 


954  THE    GENESIS    OF   ORE-DEPOSITS. 

One  of  the  mineral  veins  has  been  traced  to  its  connection  with  what 
appears  to  be  a  vent  of  the  extinct  volcano  of  Chalusset.  Power- 
fully carbonated  springs  exist  close  to  the  mines  and  on  the  slope  of 
Chalusset. 

In  both  of  the  two  districts  above  cited,  the  one  in  New  Zealand 
and  the  other  in  France,  note  has  been  made  of  the  escape  of  con- 
siderable quantities  of  carbonic  acid  gas.  It  is  scarcely  necessary  to 
emphasize  the  fact  that  this  is  a  most  common  and  powerful  agent 
in  bringing  about  changes  in  rocks  and  minerals.  The  action  of  car- 
bonic acid,  and  of  the  alkaline  carbonates  which  it  forms,  have  been 
recognized  by  all  petrographers.  To  it  we  owe  the  salts  occurring 
in  ordinary  mineral  springs  ;  to  it  are  due  the  pseudomorphic  re- 
placement of  feldspar  with  chlorite*,  and  the  alteration  of  olivine 
into  serpentine,  and  of  limestone  into  dolomite.  Even  at  ordinary 
temperatures,  carbonated  waters  extract  magnesia  from  complex  sili- 
cates. In  this  way,  biotite  loses  magnesia  and  iron,  becoming  con- 
verted into  muscovite. 

The  subject  of  the  close  association  of  ore-deposits  and  igneous 
rocks  is  a  most  important  one  to  mining  engineers.  The  detailed 
geological  surveys  of  several  of  the  most  productive  mining  districts 
of  the  West,  carried  out  during  the  past  few  years,  have  done  much 
to  emphasize  the  relation  which  seems  to  exist  between  bodies  of  erup- 
tive rocks  and  deposits  of  gold-  and  silver-ore  found  close  to  them. 
It  has  become  the  fashion,  especially  since  the  publication  of  Em- 
mons's masterly  monograph  on  the  Leadville  region,  to  suppose  that 
the  precious  metals  of  the  lodes  were  derived  from  the  leaching  of 
the  adjacent  eruptives;  and  some  mining  engineers  have  gone  so 

*  And  the  chlorite  afterwards  gives  place  to  tinstone.  This  is  a  subject  much 
studied  by  Mr.  Richard  Pearce,  at  a  time  when  its  importance  was  not  so  well  re- 
cognized as  now. — See  "The  Influence  of  Lodes  on  Rocks,"  Proceedings  of  the 
Mining  Association  of  Devon  and  Cornwall,  September  8,  1S64.  Mr.  Pearce  directs 
attention  to  the  difference  between  the  granite  encasing  the  lode  and  that  found  at 
some  distance  from  it.  He  makes  note  of  the  joints  in  the  granite,  and  remarks 
upon  the  difference  in  the  minerals  found  in  two  well-marked  systems  of  joints 
having  contrary  directions.  He  shows  that  the  changes  observed  in  the  rock  ad- 
joining the  lodes  have  their  origin  in  the  lodes.  Emphasizing  the  metamorphism 
of  the  granite  he  shows  that  the  lodes  consist  essentially  of  altered  granite,  the 
most  important  alteration  being  the  replacement  of  the  feldspar  by  chlorite,  by  tin- 
stone and  by  schorl.  He  discards  the  idea  of  an  igneous  origin  of  the  tin-ore,  and 
declares  that  aqueous  agency  alone  can  satisfactorily  account  for  the  changes  in  the 
rocks  and  the  formation  of  the  lodes.  He  expresses  the  belief  that  the  subject  of 
the  metamorphism  of  the  country-rock,  if  "diligently  investigated,  must  assist  in 
explaining  some  of  the  laws  which  regulate  mineral  deposits."  This  was  said 
thirty  years  ago ! 
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far  as  to  consider  the  neighborhood  of  dikes  necessary  to  the  occur- 
rence of  a  productive  lode.  This  latter  notion  may  be  classed  with 
the  supposition,  now  slowly  passing  away,  which,  not  long  ago,  was 
so  strong,  that  a  "  true  fissure-vein  "  was  the  only  permanent  deposi- 
tory of  the  precious  metals. 

In  the  United  States,  in  Europe,  and  in  most  of  the  Australasian 
mining  regions,  the  close  association  of  dikes,  or  other  forms  of  in- 
trusive eruptive  rocks,  with  lode-formations  is  so  marked,  that  it  is 
not  surprising  to  find  such  rocks  considered  as  necessary  adjuncts  to 
the  occurrence  of  valuable  ore-deposits.  But,  generalizations  are 
proverbially  dangerous;  and,  that  this  is  an  illustration  of  the  pro- 
verb, the  following  facts  may  show. 

The  gold-mining  region  of  the  province  of  Otago,  in  the  South 
Island  of  New  Zealand,  is  confined,  for  the  most  part,  to  a  great 
series  of  foliated  quarztoze  schists  of  an  age  considered  Archaean  by 
some,*  and  Silurian  by  others. f  These  rocks  have  an  enormous 
thickness  over  a  large  area;  the  thickness  has  been  estimated  at 
50,000  feet,  while  the  area  is  fully  10,000  square  miles.  This  has 
been  a  very  successful  gold-mining  region,  although  the  gravel-de- 
posits have,  so  far,  been  more  productive  than  the  quartz-veins.  The 
lodes  have  certain  well-marked  structural  peculiarities,  resulting 
from  the  foliated  arrangement  of  the  country-rock  which  they  tra- 
verse. In  a  previous  contribution,  incidental  reference  was  madej 
to  the  fact  of  the  remarkable  absence,  in  this  auriferous  area,  of  erup- 
tive rocks.  It  is  interesting  to  recall  so  marked  an  exception  to  what 
is  often  held  to  be  a  general  rule. 

That  the  quartzose  schists  of  Otago  are  simply  altered  sedimen- 
tary beds  of  very  early  geological  age,  there  is  little  reason  to  doubt. 
The  quartz  folia  are  arranged  along  the  lines  of  original  sedimenta- 
tion, and  not  along  cleavage-planes.  It  is  a  case  of  "  stratification- 
foliation,"  as  distinguished  from  "  cleavage-foliation."  §  The  only 
rock  likely  to  be  a  metamorphosed  eruptive  is  the  chlorite  schist  of 
Q,ueenstown.||  The  mining  regions  of  Otago  do  not  exhibit  any  of 
the  phenomena  of  contact-metamorphism  ;  and  the  changes  which 


*  "  On  the  Foliated  Rocks  of  Otago,"  Professor  F.  W.  Hutton,  F.G.S.  Trans, 
of  the  New  Zealand  Institute,  vol.  xxiv.,  1891. 

t  "The  Gold-Fields  of  Otago."    Trans.,  xxi.,  412. 

X  Trans.,  xxi.,  413. 

\  Prof.  T.  G.  Bonney  uses  these  terms  in  the  Quarterly  Journal  of  the  Geological 
Society,  vol.  xlix.,  part  1,  p.  95,  Feb.,  1893. 

||  As  pointed  out  by  Prof.  Hutton.    Op.  cit. 
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have  been  produced  may  be  ascribed  to  what  we  call  "  regional  " 
metamorphism,  a  vague  way  of  describing  those  alterations  which 
arc  forever  taking  place  in  rocks  wherever  there  is  heat  and  pressure, 
alterations  which  are,  therefore,  most  evidenced  by  the  oldest  rocks, 
which  have  necessarily  been  overlaid  by  a  great  thickness  of  later- 
deposited  formations.* 

A  treatise  which  covers  so  wide  a  field  as  that  of  Professor  Po- 
sepny, can,  of  necessity,  devote  but  scanty  attention  to  some  mining 
regions  which,  to  those  who  know  them,  appear  to  afford  important 
evidence  on  the  subject  of  ore-deposition.  In  this  regard,  it  is  to 
be  regretted  that  Professor  Posepny  does  not  seem  to  have  had  his 
attention  drawn  to  certain  very  excellent  geological  reports  contained 
in  the  blue  books  of  the  mining  departments  of  Victoria,  New  South 
Wales,  and  New  Zealand,  Australasia  has  many  object-lessons  to 
offer  to  the  student  of  economic  geology,  and  the  Colonial  geological 
surveys  have  published  several  accurate  and  most  interesting  descrip- 
tions of  them. "J" 

In  concluding  this  contribution  to  the  discussion  of  Prof.  Po- 
sepny's  paper,  I  may  be  permitted  to  express  again  the  belief  that 
his  destructive  criticism  of  the  lateral-secretion  theory  is  most  op- 
portune, and  that  his  investigations  into  the  flow  of  underground 
waters  will  do  much  to  illuminate  our  views  of  the  methods  of  ore- 
deposition.  At  the  same  tin>e,  I  cannot  but  hold  that  the  accumu- 
lation of  facts  and  observations  will  show  that  neither  the  lateral, 
nor  the  ascensionist,  nor  any  other  one  narrow  theory  can  cover  the 
multitudinous  diversity  of  the  ways  in  which  ore-deposits  are  found 
to  occur. 

R.  W.  RaYxMOND,  New  York  City  :  Concerning  Mr.  Rickard's 
proposed  classification,  I  beg  to  say,  while  recognizing  its  conve- 
nience for  mining  engineers,  that  it  cannot  be  considered  as  a  substi- 
tute for  that  of  Prof.  Posepny,  for  the  simple  but  conclusive  reason 
that  it  is  not  genetic.     Its  fundamental  division  is  based  upon  the 

*  I  do  not  lose  sight  of  the  fact  that  igneous  rocks  may  become  schistose  by  me- 
tamorphism, especially  through  pressure,  as  a  dolerite  becomes  a  hornblende  schist. 
There  is  no  reason  to  suppose  that  such  a  metamorphism  has  occurred  in  tbese  rocks 
of  Otago. 

f  I  would  more  particularly  instance  The  Geology  of  the  Vegetable  Creek  Tin- Min- 
ing Field,  by  T.  W.  Edgworth  David,  and  the  recently  published  Special  Report  on 
the  Bendigo  Gold-Field,  by  E.  J.  Dunn,  together  with  the  numerous  observations 
made  by  R.  L.Jack,  in  Queensland;  H.  Y.  L.  Brown,  and  H.  P.  Woodward,  in 
South  Australia ;  G.  H.  F.  Ulrich,  and  F.  W.  Hutton,  in  New  Zealand  ;  Wilkinson 
and  Liversedge,  in  New  South  Wales;  Murray,  Sterling,  and  Howitt,  in  Victoria, 
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position  of  the  deposits,  which  should  be,  in  a  genetic  classifica- 
tion, a  subordinate  consideration  ;  and  the  most  profound  genetic 
distinction  presented  by  nature,  namely,  the  distinction  between  con- 
temporaneous and  subsequent  formation,  appears  in  this  scheme  as 
a  division  of  the  third  degree,  affecting  only  inclosed  bedded  deposits. 
If  I  were  inclined  to  criticize  names,  as  Mr.  Rickard  has  elsewhere 
done  with  regard  to  Prof.  Posepny,  I  might  point  out  that  the  word 
"contemporaneous"  does  not  describe  coal-beds,  which  Mr.  Rickard 
mentions  as  typical  examples  of  it.  Whatever  may  be  said  of  a 
coal-bed,  it  is  not  contemporaneous  in  origin  with  the  country-rock 
above  it  or  below  it.  But  this  is  a  small  matter.  The  point  I 
make  is  much  more  important,  namely,  that  the  classification  itself 
is  neither  based  on  genetic  distinctions  nor  on  any  other  logical  ar- 
rangement. I  say  this  all  the  more  frankly,  because,  as  Mr.  Rick- 
ard declares  in  complimentary  phrase,  he  has  largely  followed  the 
classification  given  by  me  in  1869.  But  that  was,  as  Mr.  Rickard's 
is,  merely  a  convenient  miners'  arrangement.  Now  that  Prof.  Pos- 
epny comes  forward,  proposing  for  the  purposes  of  science,  not  of 
mining,  a  truly  genetic  classification,  a  critic  may  fairly  demonstrate 
its  logical  defects  and  suggest  remedies,  or  declare  remedies  to  be  im- 
possible. In  the  latter  case,  his  contention  would  be  that  a  genetic 
system  cannot  be  constructed,  and  that  the  attempt  had  better  be 
abandoned.  But  to  say  that  one  prefers,  as  a  mining  engineer,  the 
handy  non-scientific  arrangement  of  ore-deposits  hitherto  in  use,  is 
no  criticism  at  all.  It  is  as  if  a  botanist,  considering  a  natural 
system  in  botany,  should  say  that  it  was  discouragingly  complicated, 
and  that  he  preferred  the  simple  and  convenient  arrangement  of  Lin- 
naeus, by  which  one  could  identify  a  species  from  the  number  of  petals 
and  stamens  and  other  arbitrary  signs. 

H.  V.  Winchell,  Minneapolis,  Minn.:  While  heartily  agreeing 
with  the  frequently-expres-sed  opinion  that  Prof.  Posepny's  paper  is 
a  masterly  and  exceedingly  important  discussion  of  ore-deposits,  it 
still  appears  that  there  may  be  room  for  differences  of  opinion  on 
some  points.  Indeed,  they  necessarily  follow  from  such  decided 
statements  on  so  important  and  interesting  a  subject. 

Those  of  us  who  live  in  the  Lake  Superior  region  are  wont  to 
believe  that  we  have  some  conception  of  the  meaning  of  the  term 
"  ore-deposits."  We  can,  and  frequently  do,  point  with  pride  to  the 
great  value  of  our  production  of  iron-ore  and  the  fact  that  we  fur- 
nish nearly  two-thirds  of  the  total  product  of  the  United  States. 
It  is  an  industry  employing  about    30,000   miners   and   involving 
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capital  to  the  amount  of  fully  $100,000,000.  But  when  we  come 
to  treatises  on  ore-deposits  we  are  always  disappointed.  We  find 
that,  while  speaking  generally  and  theoretically,  iron-ore  deposits 
may  be  mentioned,  yet  when  it  comes  to  critical  discussion,  and  the 
illustration  of  theories  by  examples,  they  are  omitted.  We  are  con- 
strained to  protest  that  "ore-deposit"  does  not  signify  merely  a 
vein  of  gold-,  silver-  or  lead-ore  or  a  stockwork  of  tin-  or  zinc-ore, 
but  that  hematite  and  magnetite  form  ore-deposits  of  a  commercially 
important  and  genetically  highly  interesting  class. 

The  value  of  the  raw  iron-ore  produced  in  this  country  in  1889 
was  equal  to  the  value  of  the  gold  bullion  produced  in  the  same 
year.  And  if  we  take  the  value  of  the  pig-iron,  which  more  nearly 
corresponds  with  bullion  in  the  degree  of  removal  from  the  raw  ma- 
terial, we  find  it  equal  to  the  value  of  the  gold  and  silver  combined. 
And  yet  our  author  dismisses  the  entire  subject  in  a  couple  of  pages, 
and  of  Fuchs's  and  DeLaunay's  2000  pages  only  two  are  devoted  to 
the  most  important  iron-ore  district  on  the  globe. 

It  would  not  be  fair  to  suggest  that  iron-ores  are  overlooked  be- 
cause they  do  not  seem  to  be  explainable  by  the  theories  adopted 
for  other  classes  of  deposits,  it'  that  were  the  case,  all  the  more 
need  of  giving  them  attention.  It  is  more  probable  that  it  is  be- 
cause of  the  recentness  of  their  development  and  the  comparatively 
scant  literature  on  the  subject  in  the  libraries  of  our  foreign  col- 
leagues. 

That  the  circulation  of  waters  carrying  different  chemical  reagents 
is  the  all-important  factor  in  the  genesis  of  ores,  as  we  find  and  mine 
them,  is  clearly  shown  by  Prof.  Posepny,  and  is  accepted  by  the 
majority  of  writers  on  the  subject.  But  the  prominence  which  is 
given  to  ascending  waters  and  the  insignificant  effects  ascribed  to 
descending  solutions  will  not  find  such  ready  acquiescence.  It  seems 
likely  that  ascending  waters  are  the  more  likely  to  be  effective  and 
to  predominate  below  the  ground-water  level  than  in  the  vadose 
circulation.  But  it  can  be  conclusively  demonstrated  that  many  of 
the  immense  iron-ore  lenses  of  the  Lake  Superior  region  owe  their 
present  state  of  concentration,  even  to  the  depth  of  many  hundreds 
of  feet,  to  the  action  of  the  descending  waters.  Aside  from  the 
Mesabi  range,  the  proofs  lie  partly  in  the  following  well-known 
facts  : 

1.  The  ore  is  a  product  of  concentration  in  situ,  whether  the 
original  rock  or  lean  ore  was  an  oxide,  a  silicate,  or  a  carbonate,  or 
whether  it  was  oceanically  or  otherwise  precipitated. 
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2.  The  ore-bodies  have  the  shape  of  highly-inclined  lenses,  and 
frequently  have  an  unaltered  "capping"  of  jasper  partially  cover- 
ing their  upper  ends. 

3.  When  this  capping  is  present,  it  can  be  traced  downward  into 
the  ore  through  changes  which  are  clearly  the  result  of  oxygenated 
atmospheric  waters. 

4.  The  downward  course  of  the  waters  is  further  shown  by  the 
protecting  action  of  dikes  and  other  impervious  barriers,  below 
which  the  ore  is  not  found. 

5.  The  ore-lenses  lie  in  basins  of  greenstone-schists  or  other 
rocks,  and  occur  at  various  depths  to  at  least  2000  feet. 

6.  At  the  lower  edges  of  some  of  these  lenses  are  found  deposits 
of  silica,  kaolin,  etc.,  which  have  plainly  been  removed  from  the 
ore-body  above  in  the  process  of  concentration. 

This  is  much  below  the  vadose  circulation,  as  the  immense  pump- 
ing engines  and  the  rivers  of  water  which  they  throw  the  year 
round  testify  ;  but  it  is  an  instance  of  the  formation  of  ore-deposits 
on  the  largest  scale  by  descending  waters. 

The  circumstances  are  somewhat  different  on  the  Mesabi  range, 
but  the  proof  is  no  less  clear  that  the  ore  has  been  formed  by  solu- 
tions percolating  downwards.  There  the  mines  lie  along  the  south 
side  of  the  continental  divide  or  water-shed,  from  which  waters  flow 
north  to  Hudson  Bay  and  south  to  the  Gulf  of  Mexico.  They  thus 
occupy  the  highest  regions  of  the  northern  part  of  the  State.  More- 
over, the  shape  of  the  strata,  and  the  presence  of  a  conglomerate 
beneath  them,  indicate  that  there  was  a  shore-line  there  when  the 
rocks  were  deposited.  These  facts,  with  the  comparatively  undis- 
turbed condition  of  the  strata,  lead  us  to  believe  that  the  conditions 
have  remained  during  many  geological  ages  as  they  were  originally 
and  as  they  are  now,  viz..  such  that  the  inevitable  direction  of 
water-circulation  would  be  downward  and  following  to  a  certain  ex- 
tent the  gentle  dip  of  the  rocks  to  the  south. 

Although  of  remarkable  magnitude  and  chemical  purity,  these 
deposits  are  essentially  surface-products  and  are  at  present  largely 
above  the  ground-water  level.  The  processes  of  replacement  by  the 
removal  of  silica,  and  of  concentration  by  the  addition  of  sesqui- 
oxide  of  iron,  can  be  seen  in  progress  in  a  hundred  places.  The 
rock  which  undergoes  this  change  is  a  gray,  reddish  or  greenish 
chert  ("taconite")  banded  with  iron-ore.  Figs.  1  and  2,  taken 
from  specimens  from  the  Mesabi,  illustrate  the  change  mentioned, 
and  show  the  downward  course  of  the  ferruginous  solutions. 
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Since  we  have  here  examples  of  iron-ore  deposits,  both  above  and 
below  the  ground-water  level,  which  have  been  formed  by  descend- 
ing waters,  the  thought  naturally  arises  that  the  solutions  may  not 
have  been  so  universally  ascending  in  the  case  of  other  mineral  de- 
posits, as  our  author  would  have  us  believe. 

Another  idea  on  which  undue  stress  seems  to  have  been  laid  is  the 
correctness    of  the  "  ascension   theory,"  and   the   absolute  error  of 


Taconite  from  the  Mesabi  range  changing  to  iron-ore  by  solutions  moving  from 
left  to  right,  ab  is  a  fault  line  which  conducted  the  descending  waters  downward 
and  prevented  the  right  half  of  the  specimen  from  undergoing  the  ferrification 
which  is  seen  in  the  left  half. 

that  of  "lateral  secretion."  A  consideration  of  these  two  ideas 
leaves  me  with  the  impression  that  they  are  not  in  reality  so  dia- 
metrically opposite  that  if  one  is  true  the  other  can  have  no  scin- 
tilla of  truth  in  it.  In  the  deep  region  the  circulating  waters  are 
supposed  to  be  under  considerable  pressure,  from  which  they  escape 
by  flowing  in  the  direction  in  which  they  meet  the  least  resistance. 
Even  if  the  solution  were  on  the  whole  ascending,  still  it  must  often 
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happen  that  cracks  and  fissures  would  be  encountered,  leading  in  a 
lateral  direction  into  some  main  fissure,  full  of  ascending  waters 
under  slightly  less  pressure  than  that  behind  the  waters  which  entered 
laterally.  In  that  case  it  is  also  quite  likely  that  there  would  be  a 
different  chemical  reaction  at  or  near  the  junction  of  these  two  cir- 
culating fluids  from  that  produced  by  the  action  of  either  one  of 
them  on  the  rocks  through  which  it  passed.     This  might  result  in 


Another  instance  of  partial  alteration  of  taconite  to  ore.  There  was  a  joint  here 
along  a  b  whence  downward  moving  waters  effected  a  more  rapid  change  for  some 
distance  laterally  than  the  solutions  percolating  toward  this  joint  along  the  strata 
from  left  to  right  were  able  to  produce  in  the  solid  rock.  Specimen  collected  by 
J.  E.  Spurr. 

the  precipitation  of  certain  minerals  on  the  walls  of  the  main  fis- 
sure near  the  subsidiary  fissure,  and  thus  the  resulting  ore-deposit 
would  owe  fully  as  much  to  lateral  secretion  as  to  ascension.  And 
if  these  lateral  joints  and  cracks  (or  even  more  porous  rocks)  were 
sufficiently  numerous,  the  whole  vein,  when  formed,  would  be  due 
to  the  combined  actions  of  lateral  secretion  and  ascension. 

Moreover,  it  seems  almost  necessary  for  the  ascensionists  to  borrow 
aid  from  the  lateral  secretionists,  whether  they  will  or  no.     For  the 
vol.  xxiv.— 61 
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question  arises:  Where  do  the  ascending  solutions  come  from,  any- 
how ?  Is  there  an  inexhaustible  reservoir  at  the  bottom  of  each  vein- 
fissure,  which  supplies  a  ceaseless  flow  of  carbonated  and  mineralized 
waters  carrying  precious  metals  in  solution  ?  Or  does  the  water  start 
from  the  surface  and  percolate  downward  until  it  is  forced  by  heat 
and  generated  gases  to  rise  again  ?  If  the  latter  is  the  true  suppo- 
sition, is  it  not  evident  that  the  fissures  which  conduct  these  ascend- 
ing waters  must  receive  them  from  all  sides  through  a  thousand  small 
crevices  and  pores,  thus  making  again  a  combination  of  both  lateral 
and  ascending  motions  and  depositions? 

If  ascending  waters  come  from  a  great  depth,  descending  waters 
must  reach  to  the  same  great  depth,  and  since  the  solutions  cannot 
traverse  the  same  path  in  their  ascent  that  they  do  in  their  descent 
there  must  be  a  certain  amount  of  lateral  motion  at  the  moment 
when  these  solutions  are  the  most  dense  and  carry  their  heaviest 
burden  of  dissolved  material.  And  it  is  evident  that,  whatever 
the  depth  from  which  the  metallic  elements  come,  there  is  as  much 
chance  for  one  mode  of  deposition  as  for  the  other. 

Prof.  Posepny  (communication,  translated  by  the  Secretary)  :* 
First  let  me  express  my  warmest  thanks  to  all  those  who  have  so 
favorably  judged  my  paper  on  "  The  Genesis  of  Ore-Deposits,"  and 
likewise  to  those  who  have  taken  this  occasion  to  bring  forward, 
whether  in  support  of  my  views  or  in  opposition  to  them,  various 
observations  and  opinions,  whereby  our  knowledge  of  ore-deposits 
has  been  unquestionably  increased. 

It  is  exceedingly  difficult — indeed,  almost  impossible — to  make  a 
correct  comprehensive  statement  of  a  subject,  the  separate  funda- 
mental data  of  which  are  scattered  throughout  the  world  ;  and  my 
treatise  must,  of  course,  be  considered  as  merely  an  attempt  in  that 
direction,  inspired  by  the  purpose  of  contributing  to  this  theme  an 
element  not  yet  sufficiently  recognized,  namely,  the  logical  applica- 
tion throughout  of  the  genetic  principle.  As  I  indicated  in  my  paper 
[Trans.,  xxiii.,  204),  I  expected  as  a  result  neither  a  simplification  of 
systems  nor  a  direct  benefit  to  practice.  My  object  was,  irrespective 
of  such  considerations,  to  approach  more  nearly  to  the  truth. 

A  single  observer  may  be  able  to  establish  a  few  more  or  less  im- 
portant facts;  but  the  great  mass. of  the  knowledge  required  he  can- 
not personally  possess.     In  the  most  favorable  case,  government 


*  This  communication,  and  the  following  discussions  of  the  subject  in  this 
volume,  were  published  with  the  papers  of  the  Bridgeport  Meeting,  October, 
1894.— R.  W.  R. 
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institutions,  established  to  benefit  single  nations,  or  scientific  or  busi- 
ness associations,  may  procure  accurate  knowledge  of  the  mineral 
resources  of  separate  countries,  and  these  may  be  combined  to  in- 
crease the  knowledge  of  a  considerable  territorial  complex;  but  the 
question  still  remains,  whether  the  developments  and  natural  ex- 
posures in  a  given  region  are  really  typical  aud  conclusive  as  a  basis 
for  general  scientific  deductions.  In  this  respect,  an  international 
union  of  such  endeavors,  devoted  to  the  advancement  of  this  branch 
of  geology  would  be  a  decisive  gain. 

When  the  United  States  Geological  Survey  began  the  study  of  the 
geological  relations  of  ore-deposits,  there  was  ground  for  hope  that 
a  new  era  in  the  knowledge  of  this  subject  would  be  thereby  in- 
augurated. In  fact,  several  monographs  of  inestimable  value  con- 
cerning the  most  important  ore-deposits  had  been  published,  when, 
for  reasons  unknown  to  me,  the  whole  activity  of  the  survey  in  this 
direction  was  interrupted — an  event  much  to  be  lamented. 

Yet  a  monograph  can  give  only  what  is  revealed  by  the  develop- 
ments accessible  at  the  time  it  is  written;  and  since  mining  continu- 
ally makes  new  exposures,  and  for  the  most  part  obliterates  the  old 
ones,  a  complete  scientific  inquiry  should  involve  provision  for  the 
repeated  examination  of  a  given  mining  district,  and  for  publication, 
at  intervals  of,  say,  five  or  ten  years,  of  the  new  knowledge  thus 
acquired. 

It  is  scarcely  to  be  doubted  that  the  investigation  of  the  genetic 
relations  of  a  thing  is  necessary  to  complete  our  knowledge  of  it,  and 
that  this  inquiry  is  therefore  obligatory  as  a  part  of  the  study  of  any- 
thing which  we  desire  to  know  exhaustively.  Dr.  Raymond  (dis- 
cussion at  the  Virginia  Beach  Meeting,  ante,  p.  956)  has  defended  the 
introduction  of  this  principle  into  the  science  of  ore-deposits,  for 
which  I  thank  him  heartily. 

Messrs.  W.  P.  Blake  and  A.  Winslow  have  controverted  my  views 
concerning  the  original  source  of  the  lead-  and  zinc-deposits  of 
Missouri  and  Wisconsin,  condemning  at  the  same  time  the  similar 
views  brought  forward  at  the  same  Chicago  meeting  in  the  paper  of 
Dr.  W.  P.  Jenney.  Since  I  am  personally  acquainted  only  through 
a  tourist's  journey  with  the  relations  of  these  deposits,  which  extend 
over  so  large  a  region,  and  am,  moreover,  not  master  of  the  wide 
literature  of  the  subject,  I  must  leave  the  defence  of  the  principles 
asserted  to  Dr.  Jenney,  and  will  here  simply  refer  to  his  reply,  con- 
tained in  the  present  discussion. 

With  regard  to  Mr.  Winslow's  observations,  I  must  confess,  that 


964  THE   GENESIS   OF   ORE-DEPOSITS. 

I  am  acquainted  neither  with  the  mine  at  Doe  Run  nor  with  the 
publications  of  Messrs.  Strong  and  Chamberlin.  But  I  know  that 
concerning  every  region  where  lead-  and  zinc-ores  occur  in  lime- 
stone and  dolomite,  the  two  opposite  theories  as  to  their  origin  in- 
variably appear;  and  that  in  terranes  consisting  of  structural  pla- 
teaux, with  nearly  undisturbed  position  of  strata,  the  representatives 
of  the  view  that  these  ores  were  deposited  simultaneously  with  the 
country-rock  have  the  great  advantage  that  the  conditions  of  strati- 
fication are  in  their  favor. 

Besides  the  paper  here  in  discussion,  I  have  lately  devoted  to  the 
deposits  of  lead-  and  zinc-ores  in  soluble  rocks  a  special  treatise,*  in 
which  I  have  compared  the  occurrences  of  such  deposits  in  plateau- 
regions  with  the  conditions  obtaining  in  mountain  regions,  with 
already  disturbed  stratification.  This  publication  originated  in  an 
address  delivered  by  me  at  a  miners'  congress  in  Klagenfurt,  that  is 
to  sav,  in  the  center  of  a  mining  industry  based  upon  mineral  occur- 
rences of  this  class. 

In  order  to  counteract  a  conception  based  upon  local  conditions,  I 
have  placed  side  by  side  the  various  alpine  occurrences  of  Carinthia 
with  those  of  the  plateaux  of  Upper  Silesia  and  North  America, 
illustrating  them,  according  to  my  custom,  with  drawings  of  the 
typical  features.  Among  others,  the  occurrences  in  Sardinia  and  in 
the  North  of  England  are  discussed,  and  use  is  made  of  recent  litera- 
ture concerning  the  Upper  Silesian  plateau.  In  this  place,  I  can 
only  remark,  that  some  of  these  occurrences  in  the  mountain  terranes 
carry  evident  traces  of  the  subsequent  derivation  of  the  ores  from 
below  ;  and  that  this  fact  alone  is  an  argument  for  the  similar  origin 
of  the  plateau-deposits,  which  so  closely  resemble  the  former  in  all 
other  respects. 

The  treatise  I  have  mentioned  does  not  include  the  observations 
made  by  me  in  the  spring  of  the  present  year,  upon  the  analogous 
deposits  of  Laurium  in  Greece,  which  are  likewise  in  a  structural 
plateau  ;  but  I  can  assure  the  reader  that  the  developments  of  that 
region  also  indicate  the  derivation  of  the  ores  from  below. 

So  far  as  Mine  la  Motte  is  concerned,  I  can  attach  no  great  weight 
to  the  observations  which  I  made  there,  upon  a  hasty  journey. 
Nevertheless,  the  specimens  of  ore  disseminated  in  sandy  dolomite 
which  I  brought  away  show  distinctly  upon  the  surfaces,  after 
polishing,  the  secondary  intrusion  of  the  ore  into  the  country-rock. 

*  "  Ueber  die  Entstehung  der  Blei-und  Zinklagerstiitten  in  auflosliclien  Ge- 
steinen.'' — Jahrh.  d.  k.k.  Bergakademien,  xlii ,  77,  1S94. 
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With  regard  to  Mr.  T.  A.  Rickard's  criticisms,  I  would  observe, 
that  formerly  the  theories  of  ascension,  descension  and  lateral  secre- 
tion were  generally  spoken  of,  without  the  assignment  of  any  cause 
for  the  assumed  movements  of  the  subterraneous  liquids.  I  think, 
however,  that  I  have  secured  some  definiteness  of  conception  by 
showing  the  actual  descent  of  the  vadose  circulation  and  the  ascent 
of  the  deep  circulation,  and  by  interpolating  the  lateral  movement 
between  the  two.  This  gives  reality  to  the  processes  formerly  con- 
ceived abstractly,  and  makes  it  possible  to  discuss  them. 

Mr.  Rickard  observes  that,  with  reference  to  the  formatiou  of  ore, 
I  have  laid  special  emphasis  upon  ascending  mineral  solutions 
(Trans.,  xxiii.,  589).  I  meant  to  do  this,  however,  only  with  re- 
gard to  the  sulphides.  These  certainly  were  not  produced  from 
the  descending  solutions,  which  carry  oxygen  now,  as  they  unques- 
tionably did  in  former  geological  periods  also,  and  which  invariably 
decompose  sulphides  wherever  (as  is  the  case  in  the  vadose  zone) 
they  come  into  contact  with  them.  With  regard  to  the  sense  in 
which  I  use  the  terms  ascending  and  descending,  I  will  say  some- 
thing below. 

Mr.  Rickard  suggests  (loc.  cit),  that  since  the  increase  of  pressure 
and  temperature  favors  solution,  while  their  decrease  favors  precipi- 
tation, precipitated  ores  are  to  be  expected  rather  in  the  shallow 
zone;  and  that  this  might  explain  the  circumstance  that  (as  he  be- 
lieves) ores  do  not  continue  in  depth.  Without  going  into  the  latter 
question  in  detail,  I  would  point  out  that  the*  conceptions  of  shallow 
and  deep  are  only  relative,  and  that  in  my  discussion  I  could  only 
have  in  mind  the  conditions  existing  at  the  time  of  the  formation  of 
the  ores,  and  not  at  the  present  time.  What  was  once  shallow  may 
now  lie  very  deep,  and  vice  versa.  In  this  respect,  the  character 
of  the  ores  is,  I  think,  the  decisive  fact.  Oxidized  ores  must  have 
become  such  in  a  zone  then  shallow,  and  original  sulphides  must 
have  been  deposited  in  a  zone  then  deep,  and  beyond  the  reach  of 
oxidizing  agencies.  For  the  present,  only  the  extreme  of  these  pro- 
cesses can  be  clearly  recognized ;  but  it  is  not  impossible  that  future 
studies  in  this  direction  may  distinguish  the  characteristics  of  the 
intervening  stages  of  formation,  such  as  the  deposits  made  during 
lateral  movements  of  the  mineral  solutions. 

It  would  certainly  be  a  step  backwards,  to  allow  the  established 
characters  of  the  two  extremes  to  disappear  under  the  general  term 
"  circulation."  In  my  description  of  the  vadose  circulation  I  have 
pointed  out  that,  notwithstanding  its  course  at  the  ground-water 
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level  appears  to  be  almost  horizontal,  and  notwithstanding  an  actual 
ascent  of  the  liquid  may  be  locally  brought  about  by  siphon-action, 
nevertheless  a  decided  prevailing  descent  can  be  proved  for  the 
vadose  currents.  The  terms  "  descending,"  "  ascending  "  and  "  lat- 
eral "  are  not  applied  to  a  portion,  but  to  the  whole  line  of  the  cur- 
rent;  and  to  its  cause,  as  both  theoretically  and  empirically  deter- 
mined. I  cannot  admit  that  this  is  "a  narrow  view  of  the  subject," 
likely  to  hinder  progress  in  this  branch  of  geology;  on  the  contrary, 
I  believe  it  expresses  a  series  of  observed  facts,  calculated  to  increase 
our  knowledge. 

Mr.  Rickard  seems  to  look  at  every  new  conception  in  this  de- 
partment from  the  sole  standpoint  of  its  immediate  usefulness  in 
mining,  and  not  to  reflect  that  the  scientific  investigator  has  simply 
to  seek  the  truth,  without  regard  to  such  considerations.  His  criti- 
cism might  have  been  more  favorable  in  some  particulars  {e.g.,  Vir- 
ginia Beach  Discussion,  ante,  p.  950,  with  reference  to  Trails.,  xxiii., 
249),  if  I  had  taken  pains,  in  mauy  cases  in  which  I  was  speaking  of 
"  ore-deposits,"  to  explain  that  under  this  phrase,  used  for  brevity, 
I  was  referring  to  deposits  carrying  metallic  sulphides. 

Mr.  H.  V.  Winchell  complained,  at  the  Virginia  Beach  meeting, 
that  under  the  head  of  ore-deposits,  the  deposits  of  iron-ore  are  too 
often  either  meagerly  or  not  at  all  considered.  This  complaint 
would  be  well-founded  as  against  a  report  on  the  mineral  resources 
of  a  given  region,  in  which  the  economic  importance  of  the  deposits 
is  a  controlling  element;  but  it  is  scarcely  just  in  its  application  to  a 
paper  like  mine,  which  was  intended  only  to  give  single  instances 
in  illustration  of  certain  genetic  theories.  The  reason  that  iron-ore 
deposits  generally  receive  comparatively  little  attention  in  genetic 
discussion  is,  I  think,  the  simplicity  of  their  conditions,  the  knowl- 
edge of  which  is  to  some  extent  assumed  to  be  familiar,  so  that 
authors  interest  themselves  much  more  in  the  discussion  of  the  more 
complicated  occurrences,  which  have  rarely,  as  a  rule,  been  correctly 
interpreted. 

I  am  indebted  to  Mr.  Winchell  for  making  good  my  omission  by 
adding  to  my  paper  his  account  of  iron-ore  deposits  known  to  him. 
Since  the  deposits  he  cites  consist  of  oxidized  ores  only,  they  may 
well  have  been  formed  by  an  originally  vadose  circulation.  I  must, 
however,  point  out  that  some  iron-ore  deposits  may  be  of  idiogenous 
origin.  Thus,  I  consider  the  oolitic  structure  of  some  deposits  {e.g., 
those  of  hematite  in  the  Silurian  of  Central  Bohemia)  as  a  sign  of 
their  original  deposition  in  the  basin.     I  have  had,  however,  far 
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too  little  to  do  with  these  deposits  to  be  able  to  determine  more 
closely  the  significance  of  the  remains  of  brachiopods  (e.g.,  orthis 
shells),  which  occur,  transformed  into  hematite,  together  with  the 
oolites. 

The  iron-ore  beds  of  the  Silurian  basin  of  Bohemia  have  a  cer- 
tain analogy  with  those  of  the  Huronian  basin  of  Michigan,  especi- 
ally as  regards  the  length  and  continuity  of  their  outcrops  and  their 
connection  with  tufas  of  the  eruptive  rocks.  In  the  latter,  as  is  in- 
dicated by  the  beautiful  pseudomorphs  of  chlorite  after  garnet,  con- 
siderable metamorphosis  must  have  taken  place. 

Concerning  the  Mesabi  iron-ores,  I  am  indebted  to  this  critic  for 
the  illustrations  of  two  specimens  which  he  has  published.  They, 
indeed,  suggest  reflections  as  to  their  probable  genesis,  upon  which, 
however,  I  do  not  trust  myself  to  venture  at  this  time. 

In  reply  to  Mr.  Winchell's  criticism  that,  while  laying  unneces- 
sary emphasis  upon  the  correctness  of  the  ascension-theory,  I  appear 
to  concede  to  the  theory  of  lateral  secretion  not  an  atom  of  truth,  I 
beg  to  observe : 

1.  That  I  deem  lateral  secretion,  in  the  sense  in  which  it  is  de- 
fined by  Professor  Sandberger,  to  be  possible  only  in  the  zone  above 
the  ground-water-level,  and,  therefore,  in  the  formation  of  oxidized 
ores  only,  and  not  for  sulphide-ores. 

2.  That  I  am,  indeed,  obliged  (as  I  have  shown,  Trans.,  xxiii., 
222)  to  assume  a  lateral  movement  of  liquids  in  the  deep  zone. 
But  this  is  a  region  in  which  present  processes  cannot  be  directly 
observed,  and,  therefore,  no  clues  to  the  conditions  of  deposition 
are  found.  Hence,  I  was  not  able  to  describe  such  conditions  in 
my  paper.  It  is  possible  that,  in  the  course  of  time,  conditions  of 
deposition  may  be  discovered  which  can  best  be  explained  in  this 
way.     I  have  not  yet  encountered  such  a  case. 

The  same  is  true  as  to  regions  in  which  the  two  extreme  branches 
of  the  subterranean  circulation  take  on  a  lateral  course.  The  case 
supposed  by  Mr.  Winchell,  in  which  a  deposit  can  be  ascribed  to 
ascension  and  also  to  lateral  secretion,  I  do  not  clearly  understand, 
since  a  physically  weaker  current  is  not  capable  of  displacing  a 
stronger  one.  While  the  extreme  forms  of  circulation — that  is,  both 
the  ascending  and  descending  branches — possess  a  pronounced  char- 
acter, it  must  be  expected  that  the  character  of  the  branches  con- 
necting these  extremes  will  be  less  distinct. 

Mr.  John  A.  Church  does  not  agree  with  rae  regarding  ore-de- 
posits in  open  spaces  as  a  very  frequent  phenomenon,  aud  expresses 
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the  opinion  that  open  spaces  cannot  exist  at  great  depths  (such  as  3 
to  5  kilometers).  I  must  remind  him  that  in  order  to  establish  the 
first  proposition  the  most  important  observations  of  a  great  number 
of  observers  for  more  than  a  century  must  be  disproved.  He  can- 
not have  failed  to  notice  that  ore-deposits  of  that  form  which  has 
been  relatively  most  thoroughly  studied,  namely,  fissure-veins,  con- 
sist predominantly  of  separate  crusts,  often  marvellously  distinct, 
covering  what  were  once  the  walls  of  the  fissure-space.  Even  if  his 
proposition  be  confined  to  deposits  of  great  thickness  and  extent  in 
depth,  which  are  deemed  to  have  been  formed  (as,  for  instance,  the 
Comstock  lode,  which  he  has  studied)  by  substitution,  replacement 
or  metasomasis,  he  cannot  possibly  deny  the  existence  of  other  thick 
and  deep  deposits,  the  structure  of  the  ores  of  which  evidently  rep- 
resents the  filling  of  open  spaces.  For  instance,  some  of  the  Przibram 
veins,  which  have  been  worked  to  the  depth  of  more  than  1100  me- 
ters, and  the  ore  of  which  often  exceeds  10  meters  in  thickness,  must 
certainly  be  reckoned  as  wide  and  deep ;  yet  the  ores  from  their 
deepest  portions  do  not  differ  in  the  least,  so  far  as  structure  is  con- 
cerned, from  those  which  occur  in  the  shallower  parts.  Both  regions 
present  fragments  of  the  country-rock  of  all  sizes,  surrounded  by  the 
vein-material.  Moreover,  these  fragments  surrounded  by  quartz 
usually  predominate  in  one  or  the  other  of  the  crusts  of  the  vein- 
filling. 

Mr.  Church  seems  to  allow  small  value  to  the  observations  which 
it  is  possible  to  make  upon  the  ores  themselves  and  the  adjoining 
country-rock.  This  is  equivalent  to  the  rejection  of  the  only  means 
of  obtaining  data  concerning  their  probable  genesis.  It  is  difficult 
to  discuss  such  an  objection,  particularly  in  its  bearing  upon  the  phe- 
nomenon of  crustification,  which  I  consider  one  of  the  most  im- 
portant genetic  factors,  and  concerning  which  I  will  speak  further 
in  connection  with  my  reply  to  other  critics. 

Mr.  Church  declares  the  Comstock  vein-mass  to  be  the  product  of 
substitution — that  is,  of  metasomatic  alteration — and  denies  entirely 
that  it  is  a  fissure-vein.  He  says  I  have  misunderstood  him  in 
saying  (Trans.,  xxiii.,  281)  that  he  found  crusts  of  quartz,  alter- 
nating with  calcite,  in  the  Justice  mine.  The  passage  to  which  I 
referred  was  the  following  :  * 

"  The  ore  of  the  Justice  is  not  quartz  but  calcite,  with  bat  an  insignificant  amount 
of  silica,  and  it  is  noteworthy  to  find  these  two  components  of  the  lode  dis 

*  The  Comstock  Lode,  etc.,  by  John  A.  Church,  New  York,  1ST;1,  p. 
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in  that  banded  arrangement,  which  is  another  of  the  accepted  proofs  of  a  true  fis- 
sure-vein. The  quartz  is  always  on  the  propylite  and  the  calcite  on  the  quartz;  but 
there  is  no  comparison  in  respect  to  quantity.  The  quartz  is  always  insignificant 
in  thickness,  never  reaching  a  layer  more  than  an  inch  or  two  wide,  so  far  as  noticed, 
except  in  the  dyke-vein,  while  the  calcite  forms  masses  which  are  several  yards  in 
thickness,"  etc. 

Why  is  this  not  what  I  call  crustification  ?  It  is  certainly  con- 
ceivable that  the  Comstock  was  formed  by  the  opening  of  a  space  of 
discission  at  the  contact  of  diorite  and  diabase,  the  filling  of  this 
space  by  the  deposition  of  silica  and  carbonate  of  lime  from  solu- 
tions, and  the  repetition  of  these  processes  until  the  deposit  had  at- 
tained its  present  thickness.  There  is,  for  example,  in  the  collection 
of  the  University  of  Vienna,  a  large  slab  from  the  Adalbert  vein 
at  Przibram,  showing  a  series  of  thin  galena- veinlets,  the  crystals  of 
which  meet  in  the  axis  of  each  several  veinlet,  showing  that  each 
was  separately  filled,  and  hence  that  the  process  of  opening  and  fill- 
ing, regarded  with  reference  to  the  Adalbert  vein  as  a  whole,  was 
repeated  many  times,  until  the  aggregate  thickness  of  about  one 
meter,  shown  by  this  slab,  had  been  attained.  The  Comstock  might 
have  been  formed  likewise  by  repeated  opening  and  filling,  only  the 
several  fillings  would  have  to  be  thicker,  and  (since  the  material 
varied  little)  the  result  might  be  too  indistinct  to  attract  the  attention 
of  the  miner. 

Mr.  Church  regards  the  ore-body  of  the  Justice  mine  as  a  deposit 
separate  from  the  Comstock ;  but  it  is,  nevertheless,  a  branch  of  the 
Comstock  lode,  and  certainly  has  an  analogous  origin.*  The  occur- 
rence of  a  crustified  portion,  which  I  think  the  text  of  Mr.  Church's 
description  indicates,  possesses,  therefore,  significance  for  both 
branches  of  the  Comstock. 

By  crustification,  however,  I  do  not  mean  merely  a  "  banded 
structure."  This  may  indeed  originate,  as  Mr.  Church  says,  in 
various  ways,  but  crustification  cannot ;  for  true  crusts  are  predomi- 
nantly chemical  precipitates,  the  crystal-aggregates  of  which  present 
a  certain  arrangement.  For  instance,  the  quartz-crystals  usually 
stand  perpendicular  to  the  former  cavity-wall,  directing  their  pyra- 
midal surfaces  towards  the  central  druse.  Incrusted  fragments  ex- 
hibit the  same  crusts  as  the  cavity-walls,  which  is,  at  the  same  time, 
an  additional  proof  of  the  existence  of  an  open  space,  etc.  It  is 
true,  that  among  these  chemical  precipitates  there  sometimes  occur 
mechanical  sediments,  such  as  frictional  detritus,  which  may  be  en- 

*  See  Becker's  Geology  of  the  Comstock  Lode,  p.  30. 
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veloped  by  one  or  another  of  the  crust-substances ;  but  this  is  by- 
no  means  a  case  under  Mr.  Church's  statement  (Trans.,  xxiii., 
596): 

"  Certainly,  a  banded  structure  can  arise  from  the  replacement  of  fragments  ar- 
ranged in  layers  by  pressure  and  friction,  as  well  as  in  many  other  ways,  and  does 
not  prove  deposition  in  a  cavity,  whether  filled  by  water  or  air." 

Pressure  and  friction  can  give  rise  to  no  arrangement  of  xeno- 
genites  in  separate  crusts;  in  other  words,  no  crustified  quartz  and 
calcite  filling,  such  as  I  suppose  to  exist  in  the  Comstock.  I  pos- 
sess, for  example,  besides  the  ores  from  the  Consolidated  Virginia 
bonanza,  mentioned  in  my  paper  (Trans.,  xxiii.,  281),  some  quartz 
specimens  from  the  1500-foot  level  of  the  Belcher  mine,  in  which 
separate  dark  ore-bearing  zones  may  be  distinguished,  running  par- 
allel with  each  other,  even  to  the  repetition  of  minute  undulations. 
This  is,  I  confess,  not  such  a  convincing  case  as  that  of  the  speci- 
men shown  in  Fig.  53  of  my  paper,  which  exhibits  numerous  suc- 
cessive crusts  of  barite,  fluorite,  etc.,  no  thicker  than  paper;  or 
those  of  the  Raibl  specimens,  which  consist  of  thousands  of  thin 
layers  of  ziucblende  (whence  the  name  Schalenblende) ;  but  it  indi- 
cates, at  least,  the  probability  of  a  similar  origin.  It  is,  of  course, 
not  in  every  ore-deposit  that  such  incontrovertible  proofs  as  those 
last  mentioned  are  found  and  preserved  for  science. 

Mr.  Church  points  out  (Trans.,  xxiii.,  594)  that  metasomatic  pro- 
cesses effected  in  limestones  through  the  expulsion  of  the  carbonic 
acid  by  a  stronger  acid,  may  also  explain  the  exhalations  of  car- 
bonic acid  so  frequent  in  certain  localities.  I  much  prefer,  however, 
to  avoid  the  adoption  of  such  a  purely  speculative  standpoint,  and 
would  only  suggest  that,  upon  that  view,  the  enormous  volume  of 
such  exhalations  in  volcanic  regions  would  require  us  to  conclude 
that  in  those  regions  immense  masses  of  limestone  are  undergoing 
the  metasomatic  process  referred  to. 

As  regards,  finally,  the  subsequent  alteration  of  the  original  ore- 
deposit,  which,  according  to  Mr.  Church,  partially  passes  into  hys- 
teromorphism,  it  is  undoubtedly  true  that  mineralogists,  devoted  to 
the  study  of  pseudomorphs,  have  collected  already  valuable  data  in 
this  field;  yet,  I  think,  prolonged  investigation  will  still  be  required 
before  general  deductions  can  be  profitably  discussed. 

Mr.  S.  F.  Emmons,  whom  I  have  to  thank  warmly  for  his  fav- 
orable judgment  upon  several  portions  of  my  paper,  naturally  does 
not  concur  in   the  views  I  have  expressed  concerning  Prof.  Sand- 
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berger's  lateral-secretion  theory,  to  which  he  was  himself  at  one  time 
more  or  less  committed. 

He  objects,  for  instance,  to  my  reference  to  the  barysphere.  This 
is  a  part  of  my  conception  of  our  planet  as  consisting  outwardly  of 
several  successive,  and  more  or  less  connected,  spherical  envelopes — 
atmosphere,  hydrosphere,  biosphere,  lithosphere,  and  barysphere — 
of  which  only  the  exterior  ones  are  open  to  our  direct  observation. 
In  discussing  the  mutual  reactions  of  these  great  geological  factors, 
which  we  may  briefly  call  aggregate-spheres,  it  is  unavoidably  neces- 
sary to  refer  to  the  barysphere,  which  is  beyond  our  observation ; 
aud,  according  to  my  habit,  I  have  used  this  term  in  speaking  of  the 
source  of  the  heavy  metals.  It  is  true,  the  term  is  only  a  device  to 
avoid  questions  still  unsolved  ;  but  the  same  may  be  said  concern- 
ing the  phrases  "  unknown  depths,"  or  "  unknown  sources  in  depth," 
which  have  a  similar  meaning. 

It  seems  to  me,  that  Mr.  Emmons  and  others  of  my  critics  have 
not  correctly  understood  my  statements  concerning  the  several 
branches  of  the  underground  circulation  ;  and  I  therefore  beg  per- 
mission to  make  my  meaning  clearer,  even  at  the  cost  of  a  little 
repetition.  For  this  purpose,  I  will  take  for  illustration,  not  an 
ideal  case,  but  conditions  actually  existing,  namely,  those  developed 
at  Przibram,  concerning  which  there  exists  an  abundant  literature, 
shortly  to  be  increased  (in  the  second  volume  of  my  Archiv  fur 
praktische  Geologic)  by  a  monograph  of  my  own. 

The  Przibram  district  lies,  in  round  numbers,  about  500  meters 
above  sea-level,  and  the  mine- workings  extend,  as  is  well  known,  to 
more  than  that  distance  below  sea-level.  The  ground-water  level  is 
but  a  few  meters  under  the  surface.  The  deepest  adit  drains  the 
mines  to  about  100  meters ;  and  everything  below  that  level  is 
strictly  deep  workings,  from  which  the  water  is  lifted  to  the  adit- 
horizon.  A  comparison  of  the  water  raised  from  different  levels 
shows  that  the  largest  quantities  come  from  the  upper  ones,  and  that 
the  amounts  diminish  with  increasing  depth,  so  that  at  about  300 
meters  below  sea-level  no  water  remains  to  be  raised,  the  ruling  rock- 
and  air-temperature  of  about  23°  C.  (74°  F.)  at  that  depth  sufficing 
to  evaporate  the  small  existing  quantity  of  water.  This  is  certainly 
a  striking  proof  that  the  water  encountered  in  mining  is  of  atmos- 
pheric origin. 

The  ore-deposits  are  steeply-dipping  fissure-veins,  which  are 
mined  by  reason  of  their  richness  in  silver  (about  5  per  cent.,  or  50 
kilos  per  metric  ton — or  say  1458  ounces  Troy  per  ton  of  2000 
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pounds  avoirdupois).  Even  in  the  neighborhood  of  the  surface  the 
sulphides  predominated,  but  were  mixed  with  a  great  variety  of 
beautiful  minerals,  which  have  made  Przibram  famous  among  col- 
lectors, and  most  of  which,  according  to  the  results  of  the  investiga- 
tions of  F.  A.  Reuss  and  others,  are  of  secondary  origin.  It  can- 
not well  be  doubted  that  this  alteration  is  due  to  the  oxidizing  prop- 
erties of  the  liquids  coming  from  the  surface.  But  this  variety  of 
minerals  is  confined  at  Przibram  to  the  upper  zones.  Since  mining 
has  penetrated  to  lower  levels,  its  product  has  been  mainly  only  rich 
argentiferous  galena,  with  accompanying  zincblende,  etc.  The  dimi- 
nution in  secondary  minerals,  so  far  as  it  can  be  determined,  seems 
to  follow  closely  the  progressive  diminution,  in  depth,  of  the  quan- 
tity of  surface-waters. 

Concerning  the  origin  of  the  secondary  alterations,  there  is  (as  Mr. 
Church  may  be  pleased  to  know)  no  doubt  at  Przibram.  The  only 
question  at  issue  concerns  the  explanation  of  the  original  vein-filling, 
consisting  of  sulphides.  This  must  have  come,  of  course,  from  some 
rock  as  a  source;  and  on  this  point  views  are  at  variance. 

1.  Professor  Sandberger  at  first  conceived  that  this  filling  came 
directly  from  the  country-rock  (Nebengestein).  The  technical  term 
Nebengestein  is  more  definite,  perhaps,  than  "  country-rock."  It 
means  literally  the  rock  alongside,  or  the  country-rock  or  wall-rock 
immediately  in  contact  with  the  deposit.  In  this  sense,  it  is  impos- 
sible to  conceive  of  any  other  process  than  that  of  lateral  secretion, 
which  could  make  the  Nebengestein  the  source  of  the  filling;  and  I 
have  attempted  in  my  paper  to  show  the  improbability  of  such  a 
lateral  secretion  of  such  a  filling. 

2.  Mr.  Emmons,  in  his  paper  on  "  The  Geological  Distribution  of 
the  Useful  Metals  in  the  United  States,"  read  at  the  Chicago  meet- 
ing {Trans.,  xxii.,  53),  has  connected  the  derivation  of  the  various 
metals  of  different  deposits  with  the  observed  geological  conditions 
of  that  country,  discussing  the  metals,  iron,  manganese,  nickel,  tin, 
copper,  lead  and  zinc,  mercury,  and  gold  and  silver  separately.  In 
his  criticism  of  my  views  in  this  field  (Trans.,  xxiii.,  598),  he  has 
taken  occasion  to  express  a  general  statement  for  all  ore-deposition. 
According  to  his  opinion,  the  metallic  constituents  were  derived  by 
lateral  secretion  from  rocks  within  "reasonable  proximity;"  and 
"ore-bearing  currents  may  in  such  cases  have  had  an  upward,  down- 
ward or  lateral  motion,  according  to  differing  local  conditions  of 
rock-structure."  This  latter  expression  I  would  like  to  amend  in 
accordance  with  the  fact  that,  while  the  local  conditions  of  rock- 
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structure  indeed  influence  the  movements  of  liquids,  the  true  causes 
of  the  upward,  downward  and  lateral  motion,  as  explained  in  my 
discussion  of  this  point,  lie  outside  the  particular  rock-structure. 

I  would  invite  Mr.  Emmons  to  take  the  standpoint  sketched  in 
my  paper  (Trans.,  xxiii.,  248),  in  the  depths  of  the  Przibram  mines, 
and  see  how  he  would  get  along  with  his  assumption  of  lateral  move- 
ment. And  I  must  repeat  that  it  is  not  so  much  the  local  direction 
of  the  currents,  as  the  general  character  and  cause  of  the  flow  which 
should  be  kept  in  view. 

The  general  phenomenon  of  descending  currents  in  the  Przibram 
mines  is  clearly  subsequent  to  the  formation  of  the  ore-deposits  ;  and 
the  existence  of  lateral  movements  of  the  vadose  circulation  which 
could  form  these  deposits  is  inconceivable.  Let  us  see,  then,  whether 
such  movements  could  occur  in  depth,  in  the  sense  defined  by  me 
(Trans.,  xxiii.,  222),  and  quoted  by  Mr.  Emmons. 

We  should  be  forced  to  assume  that  the  open  vein-channels  had 
not  extended  much  deeper  than  the  point  (500  to  700  meters  below 
sea-level)  at  which  I  have  invited  Mr.  Emmons  to  stand,  and  also 
that  there  was  no  special  upward  tendency  of  the  waters  filling 
these  channels.  A  lateral  continuous  movement  would  be  only  pos- 
sible if  there  was  something  "  in  reasonable  proximity "  which 
would  consume  the  moving  current,  or  force  it  back  to  the  surface. 
To  expect  this  phenomenon  in  a  terrane  already  traversed  by  chan- 
nels reaching  to  the  surface  is  irrational.  In  the  only  conceivable 
sense,  it  would  merely  make  the  lateral  movement  an  incidental  part 
of  a  general  upward  circulation.  But  this  favors  my  view  of  the 
ascent  of  mineral  solutions  from  greater  depths  than  have  yet  been 
reached  in  mining,  i.e.,  from  "  unknown  depth,"  as  Mr.  Emmons 
expresses  it,  or  from  the  barysphere,  as  I  have  expressed  it.  He 
also,  by  the  way,  assumes  the  origin  of  the  heavy  metals  from  the 
barysphere  (or  "  from  the  depths,"  as  he  prefers  to  say),  and  goes  so 
far  as  to  intimate  that  I  would  make  the  theory  more  plausible  by 
allying  it  with  that  of  Vogt,  according  to  which  a  process  of  so- 
called  differentiation,  during  the  cooling  of  the  eruptive  rocks,  has 
concentrated  their  metallic  contents  in  certain  regions  more  or  less 
accessible  to  our  observation.  For  my  part,  I  must  wait  until  Vogt's 
ideas  have  assumed  a  more  solid  form  ;  but  I  cannot  help  suspecting 
that  Mr.  Emmons  favors  them  principally  because  they  bring  the 
concentrated  metals  in  eruptive  rocks  within  the  reach  of  lateral 
secretion,  as  a  forming  process  for  ore-deposits. 

Mr.  Emmons  doubts  my  conclusion,  based  upon  Noggerath's  ob- 
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servations,  that  waters  rising  under  pressure  are  capable  of  creating 
a  channel  for  themselves  in  soluble  rocks.  In  this  connection  I 
must  refer  to  the  difficulty  encountered  in  explaining  the  cavities 
containing  pipes  of  ore  in  soluble  rocks.  In  my  monograph  on 
Rezbanya,*  published  when  Noggerath's  work  was  unknown  to  me, 
I  was  forced  to  assume,  as  the  cause  of  the  formation  of  the  cavity, 
the  downward  vadose  currents,  and  as  the  cause  of  the  filling,  on  the 
other  hand,  the  ascending  currents  of  the  deep  circulation  ;  in  other 
words,  two  processes,  representing  the  extremes  of  circulation,  and 
successively  acting  along  the  same  line.  Such  a  dilemma  may  be 
presented  by  any  ore-deposit  in  limestone.  Indeed,  I  became 
acquainted  subsequently  with  instances  indicating  that  the  two  pro- 
cesses of  cavity-forming  and  cavity-filling  may  have  been  sometimes 
almost  simultaneous.f  I  was  greatly  pleased  when  I  learned  of 
Noggerath's  observations  and  deductions,  and  I  took  pains  at  that 
time  to  acquaint  Mr.  Emmons  by  letter  with  the  consequent  change 
in  my  own  views.  The  observation,  as  I  convinced  myself  in  1885, 
cannot  now. be  verified,  for  the  whole  place  at  Burtscheid  is  com- 
pletely built  over;  but  Noggerath  was  a  highly  conscientious  ob- 
server, and  there  can  be  no  doubt  of  the  correctness  of  his  statement 
of  the  facts.  Moreover,  the  phenomenon  is,  a  priori,  inevitable.  If 
the  highly  dilute  currents  of  the  vadose  circulation,  descending  by 
gravity,  can  eat  out  their  own  channels  in  salt  or  limestone  (as  is 
shown  at  considerable  length  in  my  paper),  all  the  more  might 
such  effects  be  expected  from  waters  ascending  under  pressure  and 
more  highly  charged  with  reagents.  Fig.  9  of  my  paper,  showing 
the  wedge-shaped  spaces  of  corrosion  described  by  Daubree  from 
B®urbonne-les-Bains,  with  their  summits  directed  upward,  gives  ac- 
tual proof  of  this. 

My  reference  to  the  wedge-like  form  of  certain  deposits  at  Lau- 
rium  was  based  on  an  ideal  profile.  In  the  spring  of  the  present 
year  (1894)  I  personally  visited  the  district,  and  strove  to  secure 
more  accurate  drawings  of  the  position  and  form  of  the  deposits.  I 
must  confess  that  I  was  not  able  to  find  any  such  drawings,  and  I 
must  therefore  submit  to  the  rebuke  of  Mr.  Emmons.  So  far  as  I 
know  the  literature  concerning  the  Laurium  district,  the  only  accu- 

*  Geologhch-montanistische  Studie  der  Erzlagerstdtten  von  Rezbanya,  in  S.  Ungarn. 
Published  by  the  Hungarian  Geol.  Soc,  Budapest,  1874. 

f  See  my  paper  in  Jahrb.  der  k.  k.  Bergakad.,  xlii.,  1894,  p.  94,  "  Ueber  die  Ents- 
tehung  der  Blei-  und  Zinklagerstiitten  in  aufloslichen  Gesteinen,"  especially  Fig. 
14,  PI.  III. 
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rate  drawings  are  those  of  the  French  company  in  the  treatise  of 
A.  Cambresy.*  (I  take  this  opportunity  to  correct  a  typographical 
error  in  the  pamphlet  edition  of  my  paper.  Fig.  87  was  taken,  not 
from  Cordelia  but  from  Huot.) 

With  regard  to  the  essential  difference  of  opinion  concerning  the 
Leadville  deposits,  I  may  observe  that  the  reason  I  ventured  to  dis- 
cuss that  district  without  having  personally  studied  it,  is  to  be  found 
in  the  magnificent  monograph  of  Mr.  Emmons,  the  interesting  con- 
ditions which  it  describes,  and  its  contradiction  of  current  views  as 
to  the  origin  of  the  Leadville  ores.  Passing  by  all  corrections  and 
criticisms  on  points  of  minor  importance,  I  wish  only  to  keep  in 
view  this  essential  difference  of  opinion,  and  to  inquire  what  were 
the  convincing  reasons  which  led  Mr.  Emmons  to  assert  in  this  case 
a  descent  of  the  mineral  solutions. 

He  separates  the  sources  of  the  metallic  substances  into  "imme- 
diate "  and  "ultimate."  The  latter,  by  reason  of  their  purely  spec- 
ulative nature  he  does  not  discuss,  but  devotes  himself  to  the  former. 
Without  being  able  to  doubt  that  these  substances  originally  came 
from  great  depths,  and  without  being  willing  to  assert  that  they 
came  wholly  from  the  country-rock  actually  adjoining  the  deposits, 
he  believes : 

1.  That  they  came  from  above. 

2.  That  they  were  derived  chiefly  from  neighboring  rocks. 
With  regard  to  the  first  of  these  propositions  I  can  find   in  his 

elaborate  monograph  no  tangible  proofs  whatever,  only  conclusions 
deduced  from  certain  observations.  The  shape  and  position  of  the 
ore-deposits,  whether  of  those  at  the  contact  between  porphyry  and 
lime,  or  those  in  the  limestone,  afford  no  conclusive  proof  of  descend- 
ing mineral  solutions  as  their  source.  Indeed,  this  is  disproved  by 
the  fact  that  the  deposits  were  originally  sulphides  (as  they  are  now  ■ 
shown  still  to  be  at  greater  depths),  and  such  sulphide-deposits  can- 
not be  asserted  to  have  been  formed  by  solutions  descending  from 
the  surface  (unless  such  an  application  should  be  made  of  the  case 
cited  by  me,  Trans.,  xxiii.,  294,  namely,  the  reduction  to  sulphides 
by  means  of  organic  matter).  The  interior  structure  of  the  deposits 
and  of  the  country-rock,  so  far  as  they  are  described  in  the  publica- 
tions on  the  subject,  likewise  fail  to  furnish  any  conclusive  proof  of 
this  assumption. 

In  his  re-examination  of  the  mines  in  1890,  Mr.  Emmons  found, 

*  "  Le  Laurium,"  par  A.  Cambresy,  Rev.  Univ.  des  Mines,  3  ser.,  t.  vi.,  1889. 
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even  in  the  original,  unaltered  sulphide-ores,  no  crnstifi cation,  from 
which  he  concludes  that  in  this  case  there  has  been  no  deposition  of 
ore  in  open  spaces,  but  a  metasomatic  replacement  of  the  limestone. 
It  is  to  be  hoped  that  investigations  on  this  point  will  not  be  wholly 
abandoned  in  future.  Mr.  Emmons  mentions  also  his  recognition  of 
the  granular  structure,  joints  and  cleavage  of  the  original  limestone 
in  the  sulphide-ores  of  the  A.  Y.  and  Minnie  mines,  and  speaks  of 
the  cracks  in  the  top  of  the  ore-body,  "  through  which  the  ore-bear- 
ing solutions  had  descended."  This  is  clearly,  as  stated  in  this  form, 
an  expression  of  opinion.  A  detailed  and  purely  objective  descrip- 
tion, particularly  if  accompanied  with  drawings,  would  be  highly 
valuable,  and  might  constitute  the  tangible  proof,  the  absence  of 
which  I  have  pointed  out.  Mr.  Emmons  gives  us  ground  to  hope 
for  further  observations  in  this  direction,  based  upon  the  latest  de- 
velopments of  the  mines.  For  the  present,  however,  it  cannot  be 
said  that  we  have  any  decisive  proof  from  the  interior  structure  of 
these  deposits. 

The  facts  described  in  the  literature  concerning  Leadville  may 
be  equally  well  used  in  support  of  the  ascension-theory.  As  I 
have  remarked  (Ivans.,  xxiii.,  294),  the  ores  were  at  first  conceived 
to  occur  at  the  contact  between  porphyry  and  limestone,  or  con- 
fined to  the  lime;  but  afterwards  it  became  clear  that  not  the 
whole  contact-surface  as  such,  but  only  certain  zones  of  it,  could 
be  regarded  as  the  principal  centers  of  the  accumulation  of  ore. 
These  ore-shoots,  lying  in  and  near  the  contact-plane,  were  the 
channels  of  which  the  mineral  solutions  availed  themselves.  A  par- 
allel is  thus  furnished  to  various  other  ore-deposits ;  for  instance,  the 
zinc-  and  lead-deposits  of  the  Alps,  the  shoots  of  which  are  near  a 
contact  of  soluble  with  insoluble  rock,  and  pursue  the  same  direc- 
tion as  the  stratification.*  For  the  establishment  of  this  analogy, 
credit  is  due  to  the  mining  engineers  who  have  published  their  ob- 
servations at  Leadville,  and,  as  Mr.  Emmons  observes,!  have  ren- 
dered valuable  assistance  in  enlarging  our  knowledge  of  the  facts  as 
developed  by  mining. 

The  text  of  Mr.  Emmons's  great  monograph  on  Leadville  shows 
plainly  (p.  572)  that,  under  the  impression  produced  by  the  first 
publication   of   Professor   Sandberger,  the   author  deemed  the  as- 

*  See  my  treatise  (1894),  already  cited,  on  the  "  Origin  of  Lead-  and  Zinc-De- 
posits in  Soluble  Kocks." 

f  Trait*.,  xxiii.,  601.  See  also  "The  Mining  Work  of  the  United  States  Geo- 
logical Survey,"  Trans.,  x.,  412  et  seq. 
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cension-theory  to  have  been  already  completely  overthrown.  He 
assumes  that  the  type  of  a  vein,  as  described  by  earlier  authorities, 
is  a  purely  ideal  conception,  and  does  not  exist  in  nature.  To  show 
that  these  writers  had  before  them,  on  the  contrary,  a  real  condition, 
I  have  cited  the  developments  at  Przibram.  If  we  substitute,  in 
that  case,  for  the  space  of  discission  the  spaces  occupied  by  the  Lead- 
ville  deposits,  the  situation,  as  concerns  the  question  of  the  direc- 
tion of  the  ore-bearing  circulation,  is  not  altered.  The  flat  dip  of 
the  ore-shoots  and  the  solubility  of  the  country-rock  at  Leadville 
are  scarcely  decisive  as  to  this  question.  Nor  does  the  depth  thus 
far  attained  in  Leadville  mining  afford  conclusive  evidence.  In  my 
judgment,  therefore,  notwithstanding  the  differences  between  Przi- 
bram and  Leadville,  the  same  inference  must  be  drawn  in  both  cases 
as  to  the  direction  of  the  ore-bearing  circulation.  In  other  words, 
Leadville  must  be  declared  to  be  no  exception  to  the  general  rule 
that  ore  deposits  carrying  metallic  sulphides  have  been  formed  by 
ascending  solutions. 

Whether  the  metallic  contents  were  derived  wholly  or  predomi- 
nantly from  the  eruptive  rocks  adjacent  to  the  deposits  or  occurring 
within  a  certain  distance,  is  an  independent  question. 

Mr.  G.  F.  Becker's  criticism  (Trans.,  xxiii.,  602),  having  been 
prepared  without  opportunity  for  a  thorough  combination  of  authori- 
ties, is  considered  as  preliminary  only.  It  deals,  as  does  that  of 
Mr.  Emmons,  in  the  main,  with  metasomatic  formations,  without 
reference  to  formations  in  open  spaces,  and,  contemplating  the  former 
exclusively,  seems  to  disparage  the  emphasis  which  I  have  laid 
upon  cruttification  as  a  clear  proof  of  the  filling  of  open  spaces. 
According  to  his  view,  the  recognizability  of  successive  deposits  is 
dependent  upon  incidental  local  circumstances,  but  the  instances 
he  gives  do  not  appear  to  me  adapted  to  prove  his  proposition,  that 
crustification  may  be  produced  by  other  causes  than  that  which  I 
have  assigned. 

The  banded  structure  of  agates,  so  far  as  I  have  had  opportunity 
to  study  it,  is  a  genuine  crustification.  It  exhibits  incrusted  nuclei, 
stalactites,  and  other  formations  characteristic  of  deposition  in  an 
open  space,  quite  independently  of  the  question  whether  changes  in 
concentration  or  rapidity  of  circulation  or  in  the  substances  contained 
in  the  solution  were  the  occasion  of  precipitation.  In  like  manner 
the  precipitate  formed  upon  a  piece  of  iron  immersed  in  a  solution 
of  copper  sulphate  is  a  genuine  crust,  the  iron  serving  as  the  cause 
of  the  precipitation;  and  the  circumstances  of  such  a  precipitation 
vol.  xxiv. — 62 
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in  a  space  filled  with  solution,  though  the  process  take  place  above 
ground,  present  some  analogies  with  underground  conditions. 

A  party  of  mine-thieves  once  entered  by  night  an  old  and  exten- 
sive mine  in  Transylvania  for  the  purpose  of  blasting  off  and  car- 
rying away  an  exposed  mass  of  gold-ore.  The  shot  opened  a  hole 
into  an  old  working  (coranda,  in  the  Roumanian  language), and  one 
of  the  miners  crawled  through.  The  immensity  of  the  space  in 
which  he  found  himself  astonished  him  greatly,  but  his  exclama- 
tions of  wonder  were  cut  short  by  the  crowing  of  a  cock,  which  re- 
vealed to  him  that  he  stood  under  the  night  sky,  in  a  great  surface- 
coranda  or  open  quarry,  which  covered  the  whole  area  of  the  mine. 
Under  some  circumstances,  therefore,  it  is  clear  that  underground 
and  above-ground  are  not  so  very  far  apart ! 

A  mineral  solution  standing  in  a  laboratory-beaker,  exposed  to 
the  air,  may  practically  represent,  from  our  standpoint,  a  subterra- 
nean space,  the  lower  part  of  which  is  filled  with  liquid  and  the 
upper  part  with  gas,  as  I  conceived  it  in  my  paper  (Trans.,  xxiii., 
218). 

Mr.  Becker  doubtless  means,  by  the  examples  he  cites,  to  argue 
that  the  banded  structure  may  originate  also  through  replacement 
of  the  idiogenites  by  xenogenites.  This  may  be  true,  but  his  in- 
stances do  not  support  the  hypothesis ;  for  the  pseudomorphosis  of 
galena  after  calcite  is  not  a  replacement  of  limestone  by  galena. 
Moreover,  not  every  "  banded  structure  "  is  a  crustification. 

Mr.  Becker  names  two  sorts  of  indications  of  replacement,  namely, 
crystalline  pseudomorphism  and  the  irregular  enlargement  of  fis- 
sures in  the  replaced  mass.  I  beg  to  say,  that  in  my  paper  (Trans., 
xxiii.,  210  and  211),  I  have  mentioned  several  other  signs,  such  as 
the  retention  of  the  structure  of  the  original  mass ;  the  transforma- 
tion of  fossils  into  ore;  the  occurrence  of  remaining  nuclei  of  the 
original  rock,  etc.,  and  that  I  also  suppose  a  metasomatic  process 
to  have  taken  place,  when  the  evidence  is  merely  negative,  that  is, 
where  indications  of  cavity-formation,  in  other  words,  crustification, 
are  absent.  But  I  have  found  deposits  where  the  indications  of  both 
processes  occur  side  by  side,  as,  for  instance,  at  Rodna,  in  Transyl- 
vania. It  was  at  this  place  that  I  had  the  opportunity,  thirty  years 
ago,  to  demonstrate  the  metasomatic  origin  of  an  ore-deposit.  Since 
that  time,  however,  I  have  never  visited  the  locality,  and  have  re- 
ceived only  superficial  data  concerning  further  developments.  Out- 
side of  calamine-deposits,  I  have  not  encountered  in  my  later  explo- 
rations any  cases  of  metasomatic  formation  ;  and  I  have  been  led  to 
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attach  ever-increasing  importance  to  the  deposits  formed  in  open 
spaces,  the  list  of  which,  as  known  to  me,  has  been  continually  grow- 
ing, while  their  definite  characteristics  have  become  more  and  more 
unmistakably  clear.  Any  difference  of  opinion  which  has  arisen, 
as  a  consequence,  between  my  American  colleagues  and  myself,  must 
be  left  to  the  judgment  of  investigators  who  are  equally  familiar 
with  both  classes  of  ore-deposits. 

My  statement,  "  It  is  difficult  to  believe  that  raetasomatic  pro- 
cesses could  produce  such  pronounced  ore-shoots  as  those  described 
at  Leadville,"  must  be  explained  from  the  standpoint  I  have 
taken  as  to  the  origin  of  cavities  in  a  soluble  rock.  In  my  paper 
(Trans.,  xxiii.,  215)  I  have  shown  that,  before  the  origin  of  the 
cavity,  the  rock-pores  or  interstices  are  filled  with  saturated  solutions, 
and  that  a  line  of  maximum  flow  must  be  subsequently  set  up  be- 
tween the  point  of  entrance  and  some  point  of  minimum  resistance, 
along  which  line  solutions  not  yet  saturated,  finding  access  to  the 
rock,  may  ultimately  dissolve  out  open  channels  or  cavities.  These 
will  then  possess  a  shape  extended  in  one  general  direction,  such  as 
we  encounter  almost  always  in  ore-deposits  in  soluble  rocks.  The 
Leadville  mining  engineers  have  established  such  a  form  for  the 
Leadville  deposits;  and  Mr.  Becker  has  also  found  it  in  the  quick- 
silver deposits  studied  by  him.  If  I  have  correctly  conceived  the 
formation  of  these  ore-shoots,  they  should  show  some  indications  of 
free  cavity-formation,  even  when  they  have  been  produced  in  part 
by  the  replacement  of  the  original  rock. 

Finally,  as  regards  the  Eureka  deposits,  I  seem  to  have  been  mis- 
understood. I  did  not  assert  that  the  spaces  originally  occupied  by 
the  Eureka  ore-deposits  had  been  formed  by  surface-waters.  1 
merely  said  (in  accordance  with  Mr.  J.  S.  Curtis)  that  this  was  the 
case  with  the  caves,  which  accompany  the  ores  altered  and  rede- 
posited  by  the  action  of  surface-waters. 

Mr.  F.  M.  F.  Cazin  has  called  attention  to  an  American  example, 
furnished  by  the  Vermont  copper-mine,  in  which  graphite  (or  or- 
ganic matter,  the  remains  of  which  are  now  represented  by  graphite) 
may  have  reduced  the  ore-bearing  solutions.  Mr.  Cazin  cites  the 
fossil  palms  converted  into  copper-glance,  in  the  Trias  of  Mexico,  as 
proof  that  the  copper  was  originally  dissolved  in  the  Triassic  ocean, 
though  perhaps  in  too  small  a  proportion  to  injure  animal  life. 
With  regard  to  that  I  must  observe  that  these  palms  probably  occur 
in  a  fresh- water  basin,  from  which  the  character  of  the  ocean  of  the 
period  cannot  be  inferred ;  nor,  vice  versa,  can  the  traces  of  copper 
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found  in  corals  be  adduced  as  indicating  the  probable  presence  of 
copper  in  such  a  basin. 

R.  W.  Raymond,  New  York  City  :  The  labor  and  pleasure  of 
translating  Prof.  Posepuy's  contributions  having  fallen  to  me,  I 
have  taken  special  interest  in  the  discussion  which  they  have  elicited  ; 
and  I  venture  to  believe  that  an  attempt  on  my  part  to  summarize 
the  results  thus  far  attained  may  be  useful  as  a  help  to  the  further 
discussion  which  I  trust  will  ensue,  and  will  not  be  deemed  an  arro- 
gant assumption  of  the  position  of  a  judge,  which  is  as  far  from  my 
intention  as  it  is  beyond  my  capacity. 

No  amount  of  latitude  in  such  a  discussion  is  reprehensible  if  it 
elicits  new  facts ;  for  the  accumulation  of  accurate  data  is  really  more 
important  than  the  mere  iteration  of  argument,  and  a  new  fact,  how- 
ever remotely  collateral  in  its  bearing,  may  turn  out  to  be  of  inesti- 
mable value.  In  this  connection,  however,  it  should  be  noted  that 
the  fact  is  valuable  in  proportion  as  it  is  not  merely  the  expression 
of  an  opinion.  When  we  are  told  by  some  authority  that  he  "  found 
unmistakable  evidences"  of  this  or  that,  we  are  simply  asked  to  ac- 
cept his  conclusion,  which  might  or  might  not  have  been  our  own 
upon  the  same  phenomena ;  and  the  weight  we  give  to  the  fact  of 
his  opinion  as  indicative  of  the  real  facts  behind  it,  which  are  what 
we  want,  depends  upon  our  confidence  in  him,  not  only  as  an  ob- 
server, but  also  as  a  reasouer.  Iu  my  judgment  we  should  be  grate- 
ful to  Prof.  Posepny  for  the  emphasis  he  has  laid,  not  only  in  this 
paper  but  in  many  preceding  publications,  upon  the  supreme  impor- 
tance of  what  he  has  called  rein  objective  Darstellungen,  a  phrase 
which  I  have  weakened  in  my  translations  by  rendering  it  "accu- 
rate descriptions,"  in  the  fear  that  the  term  "  objective,"  used  in  that 
sense,  would  be  misleading.  In  this  connection  I  may  remark,  that 
when  the  admirable  paper  of  Prof.  Posepny  was  sent  to  me,  it  bore  a 
title  which  would  have  been,  literally  translated,  "  Subjective  Views 
on  the  Genesis  of  Ore-Deposits,"  the  author  meaning  thereby  to  indi- 
cate modestly  that  he  offered  his  paper  only  as  an  expression  of  the 
opinions  to  which  he  had  been  led  by  his  own  studies,  and  not  as  a 
statement  of  the  settled  results  of  science.  I  took  the  liberty  of 
objecting  to  this  title,  on  the  ground  that  "subjective"  views  might 
be  construed  as  opinions  simply  "evolved  from  the  inner  con- 
sciousness," without  any  foundation  whatever  in  observed  facts ;  and 
as  a  result  of  this  correspondence,  Prof.  Posepny  permitted  the  use  of 
the  simpler  title,  accompanied  with  such  introductory  explanations 
as  would  relieve  him  from  the  imputation  of  dogmatism. 
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Accepting,  however,  his  use  of  "subjective"  and  "objective"  as 
connoting  statements  respectively  affected  or  unaffected  by  in- 
dividual opinion,  we  cannot  but  appreciate  and  share  his  desire 
for  "purely  objective"  reports  of  observed  facts  in  the  field  of 
his  studies.  And,  since  it  is  extremely  difficult  to  convey  an 
"objective"  description  in  writing,  the  superiority  of  a  careful 
drawing  (not  an  "  ideal  "  diagram,  though  that  has  its  uses,  and  is 
often  a  better  vehicle  of  description  than  words)  is  clear.  Prof. 
Posepny  has  practiced  his  own  doctrine  by  illustrating  his  paper 
with  numerous  drawings,  and,  I  may  add,  he  has  unconsciously  en- 
forced that  doctrine  by  betraying  his  own  doubts  and  difficulties  in 
the  interpretation  of  mere  verbal  and  partly  "subjective"  descrip- 
tions, given  by  other  authors. 

The  misunderstandings  thus  occasioned  may  be  left  to  settle  them- 
selves through  mutual  explanations,  such  as  have  been  made,  more 
or  less  fully,  in  the  course  of  this  discussion.  It  need  only  be  added 
here  that  Prof.  Posepny's  conscientious  and  frank  declarations  as  to 
the  limits  of  his  personal  observation  and  his  careful  references  to 
all  authorities  cited,  constitute  a  safeguard  against  error,  a  full  guide 
to  further  investigation  and  a  model  for  our  imitation. 

But  the  chief  questions  of  interest  to  us,  I  think,  are  these :  What 
are  the  characteristic  and  valuable  contributions  made  by  this 
paper  to  the  theory  of  the  genesis  of  ore-deposits  ?  and,  What  are 
the  definite  issues  on  which  Prof.  Posepny's  views  differ  from  those 
of  other  observers,  as  the  latter  have  been  represented  in  this  dis- 
cussion ? 

Under  the  first  head  I  think  we  may  regard  as  pre-eminent  the 
masterly  exposition  of  the  subject  of  underground  circulation  and 
the  distinction  established  between  the  vadose  and  the  deep  circula- 
tion, the  former  actuated  mainly  by  gravity  and  conditioned  upon 
the  relative  position  of  the  surface-outflow,  the  latter  complicated  by 
the  effects  of  capillarity  and  pressure  due  to  heat.  This  distinction 
supersedes  the  vague  terms  "ascending"  and  "descending,"  though 
the  author  has  employed  these  terms,  in  accordance  with  popular 
usage,  and  has  thereby  incurred  some  unnecessary  criticism.  For  it 
is  really  not  of  the  slightest  importance  to  the  general  theory  of  this 
subject  whether  a  given  mineral  solution  was  moving  horizontally, 
or  up,  or  down,  when  it  produced  a  given  precipitate.  The  only 
significant  question  is  whether  it  was  on  the  way  up  or  down ;  that 
is,  whether  it  belonged  to  the  one  or  to  the  other  branch  of  the  un- 
derground circulation.    The  third  view,  namely,  that  such  a  solution 
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might  belong  ueither  to  the  vadose  downward  circulation  nor  to  the 
deep  upward  circulation,  but  to  a  "  lateral  secretion/'  Prof.  Posepny 
practically  declares  to  be  inconceivable.  As  I  understand  his  argu- 
ment (or  rather,  perhaps,  as  I  would  state  my  own  view,  which  I 
think  to  be  in  substantial  accordance  with  his),  it  may  be  expressed  as 
follows : 

1.  The  aqueous  solutions  underground  must  be  conceived  either 
(a)  as  moving  on  a  general  downward  course,  as  parts  of  the  vadose 
circulation,  above  ground-water  level,  or  (6)  as  penetrating  still 
deeper  into  the  rocks  below  drainage-level  (the  barysphere),  or  (c) 
as  rising  from  those  depths  under  pressure,  overcoming  gravity,  to- 
wards or  to  the  surface;  or  (d)  as  standing  (held  by  capillarity  or 
otherwise)  in  rocks,  whether  above  or  below  the  drainage-level,  and 
not  participating  in  the  circulation  at  all. 

2.  Concerning  the  condition  (a),  which  is  most  open  to  our  obser- 
servation  we  know  a  great  deal.  We  know,  for  instance,  from  an 
overwhelming  number  of  observations,  that  the  solutions  of  the 
vadose  circulation  are  oxidizing,  and  that  (apart  from  the,  probably 
rare,  re-formation  of  sulphides  by  the  action  of  organic  matter)  they 
do  not  precipitate  sulphides,  but,  on  the  contrary,  attack  and  decom- 
pose them. 

3.  Concerning  (b),  we  know  nothing  by  direct  observation,  but  are 
forced  to  believe,  and  justified  (by  Daubree's  experiments,  etc.)  in  be- 
lieving, that  such  a  movement  actually  takes  place. 

4.  Concerning  (c),  we  have  the  evidence  derived  from  hot  springs, 
etc.,  which  has  convinced  all  observers  that  there  is  in  fact  such  an 
ascending  circulation,  whatever  may  be  their  conclusions  as  to  the 
depth  of  its  origin  or  the  degree  of  its  agency  in  forming  mineral 
deposits.  The  ascension-theory  postulates  concerning  it  only  that  it 
comes  from  depths  below  drainage-level,  and  is  not  moved  merely 
by  siphon-action,  ultimately  due  to  gravity. 

5.  Concerning  (d),  it  may  be  said  that  solutions  thus  held  without 
participation  in  the  general  circulation,  while  they  may  affect  in- 
ternal changes  in  the  rocks  they  occupy,  cannot  begin,  until  they  be- 
gin to  move,  a  process  of  redistributing  and  concentrating  by  pre- 
cipitation elsewhere  the  substances  they  hold  in  solution. 

6.  Moreover,  solutions  in  the  condition  (d),  though  not  partici- 
pating in  the  general  circulation,  must  have  reached  their  locus  by 
means  of  that  circulation.  They  must  be  conceived  as  having  been 
a  part  either  of  the  downward  or  of  the  upward  branch,  or,  in  other 
words,  as  arrested  portions  of  the  circulation. 
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7.  Whenever  they  begin  to  move,  they  must  join  one  or  the  other 
branch  of  the  circulation  ;  and  the  deposits  they  may  make  must  be 
the  result  of  the  laws  of  that  branch,  operating  upon  the  nature  of 
the  solutions,  this  in  turn  being  partly  dependent  upon  their  original 
source. 

8.  There  is,  therefore,  no  room  for  a  hypothesis  of  ore-concentra- 
tion and  deposit  in  bodies  of  considerable  size  by  "secretion,"  inde- 
pendent of  circulation,  or  for  a  cycle  of  circulation,  complete  in  it- 
self, yet  not  participating  in  the  general  phenomena  described.  For 
continuous  currents  must  come  from  somewhere  and  go  somewhere  ; 
and  neither  inflow  nor  outlet  is  provided,  except  by  the  conditions  of 
the  general  underground  circulation,  as  described. 

9.  From  this  standpoint  it  is  clear  that  the  source  of  the  sub- 
stances carried  in  solution  by  a  current  must  lie  somewhere  in  the 
path  which  that  current  has  traversed.  If  the  theory  of  lateral  se- 
cretion means  no  more  than  the  assertion  that  the  mineral  solutions 
which  have  precipitated  ore  in  a  given  fissure  or  space  have  traversed 
and  leached  some  rock  before  entering  that  space  and  that  this  rock 
adjoined  or  lay  in  "  reasonable  proximity  "  to  the  space  of  deposi- 
tion, it  would  mean,  as  to  the  first  proposition,  nothing  that  anybody 
denies ;  while,  as  to  the  second  proposition,  it  would  be  a  somewhat 
vague  assertion,  requiring  definite  proof  in  each  case,  and  not  en- 
titled to  the  dignity  of  a  general  theory. 

10.  But  the  theory  of  lateral  secretion,  however  it  may  have 
melted  away  under  the  fire  of  criticism,  originally  claimed  more  than 
this.     Prof.  Sandberger  says  :* 

"The  so-called  descension-theory  of  Werner  is  purely  neptunic,  and  regards 
veins  as  exclusively  filled  from  above  downwards  by  the  deposition  of  ores  from 
liquids,  without  answering  the  question,  whence  these  liquids  derived  their  me- 
tallic contents.  The  descension-theory  remains  good  to-day  for  all  cases  where,  in 
higher-lying  rocks,  those  substances  can  be  with  certainty  traced,  which  have  col- 
lected as  ore-deposits  in  cavities  and  fissures  in  lower-lying  rocks,  not  originally 
containing  them.  If  the  ores  are  accumulated  in  fissures,  they  possess  all  the 
characters  of  fissure- veins.  So  far  as  my  knowledge  of  ore-deposits  goes,  the  filling 
of  fissures  by  ores  which  can  be  clearly  proved  to  have  filtered  in  from  above  is  not 
very  frequent;  but  such  fillings  of  irregular  cavities  are  common." 

After  mentioning  as  an  excellent  instance  the  lead-  and  zinc-de- 
posits of  Raibl  (which  Prof.  Posepny  has  discussed  with  very  differ- 
ent conclusions),  and  declaring  that  he  is  at  present  concerned 
specially,  not  with  such  deposits,  but  with  true  fissure-veins,  Prof. 


*   Untersuchungen  iiber  Erzgdnge,  von  Fridolin   Sandberger.     Wiesbaden,  1882, 
Erstes  Heft,  pp.  3,  4. 
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Sandberger  proceeds  to  state  as  follows  the  ascension-theory,  which 
he  says,  "  still  counts  many  adherents,"  and  which  he  proposes  to 
controvert : 

"The  ascension-theory  assumes  in  all  cases  that  the  ores  occurring  in  a  vein-fis- 
sure were  derived  either  not  at  all,  or  only  in  part,  from  the  immediately  adjacent 
country- rock  (aus  dem  unmittelbaren  Nebengestein),  but  on  the  contrary,  from  greater 
depths,  and  have  been  introduced  into  the  fissures  either  by  ascending  mineral 
springs  or  by  sublimation.  The  substances  deposited  in  the  veins  should  therefore 
be  different  from  those  of  the  adjacent  rock,  and  should  only  occur  in  the  latter  as 
lateral  impregnations  from  the  fissures." 

Confining  himself  to  the  supposed  agency  of  ascending  mineral 
springs,  the  author  asserts  that  such  springs  would  not,  and  in  fact, 
do  not,  deposit  minerals  in  their  channels,  and  discusses  at  some 
length  the  case  of  Sulphur  Bank  in  California,  which  he  declares  to 
be  the  only  instance  apparently  contradicting  his  view.  He  argues 
against  the  conclusions  drawn  by  others  from  this  instance,  and  con- 
cludes as  follows  (p.  17)  : 

"  If,  then,  the  only  region  in  which  it  has  been  deemed  possible  to  assume  the 
filling  of  vein-fissures  by  ascending  mineral  springs  as  a  process  now  going  on, 
furnishes  no  trustworthy  proofs  for  this  assumption,  what  remains  ?  In  my  opinion, 
only  the  leaching  of  the  country-rock  which  bounds  the  fissures  by  seepage-waters 
which  have  penetrated  it,  and  which  deposit  the  dissolved  materials  as  ores  and 
gangue  in  the  fissures  of  the  same  (or,  in  exceptional  cases,  the  nearest  neighbor- 
ing) rock.*  This  is  the  so-called  lateral-secretion  theory  in  its  most  prosaic  form  ; 
and  it  is  this  to  which  I  have  been  so  distinctly  led  by  many  years  of  observation 
and  investigation  that  I  am  forced  to  consider  it  applicable  to  most  ore-veins." 

11.  It  is  clear  that  this  theory  contemplates  the  exclusion  of  the 
agency  of  waters  rising  from  below  drainage-level.  That  there  are 
such  waters,  is  an  admitted  fact;  and  it  must  be  also  admitted  that 
they  are  under  pressure  great  enough  to  overcome  gravity  and  fric- 
tion. All  fissures  accessible  to  such  waters,  they  must  necessarily 
occupy ;  and  it  seems  to  follow  inevitably  that  all  fissures  extending 
below  drainage-level  must  be  filled,  up  to  that  level  at  least,  with 
waters  either  in  actual  circulation  on  their  way  upward,  or  tempo- 
rarily arrested  and  confined.  "Seepage"  into  such  spaces  is  incon- 
ceivable. 

12.  On  the  other  hand,  currents  under  pressure  would  necessarily 

*  "  Nach  meiner  Ansicht  nur  Auslaugung  des  die  Spalten  begriinzenden  Nebenge- 
steins  durch  Sickerwasser,  welche  dasselbe  durchdrungen  haben,  und  die  gelosten 
Stoffe  als  Erze  und  Gangarten  in  den  Spalten  des  gleichen  oder  ausnahmsweise 
auch  in  solchen  des  niichsten  Nachbargesteins." 
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penetrate  into  the  pores  and  interstices  of  the  rocks  bounding  their 
main  channels,  and  the  deposit  in  such  rocks  of  minerals  carried 
from  the  fissures  is  more  probable  a  priori  than  the  deposit,  in  the 
fissures,  of  minerals  dissolved  from  the  adjoining  rocks.  The  oppo- 
site would  be  true  if  the  fissures  did  not  contain  water,  a  condition 
which  can  only  be  assumed  when  there  is  a  lower  outlet,  that  is  to 
say,  only  in  the  zone  of  vadose  circulation. 

13.  The  advocates  of  lateral  secretion  must  state,  at  least,  their 
conception  of  the  way  in  which  "seepage"  can  take  place  from  a 
porous  solid  holding  water  into  an  adjoining  space  also  filled  with 
water,  and  under  higher  pressure.  That  practically  no  interchange 
between  the  two  will  take  place,  even  if  the  pressures  are  equal,  is 
shown  by  the  occurrence  of  fresh-water  springs  along  our  coast, 
separated  by  a  few  feet  of  sand  only  from  the  salt  waters  of  the  sea. 
It  is  often  popularly  supposed  that  the  sea-water  has  been  deprived 
of  its  salt  by  "filtration"  through  the  sands;  but  the  real  fact  is, 
that  the  mass  of  the  sea  bars  the  path  of  a  circulation  which  would 
carry  the  spring-water  into  it,  and  the  spring  seeks  another  way  to 
the  surface,  where  it  emerges  perfectly  fresh.  The  intervening  sands 
are  doubtless  filled  with  brackish  water,  but  this  takes  no  part  in 
the  circulation,  and  therefore  carries  no  salt  into  the  channel  of  the 
spring.  If  the  Atlantic  Ocean  cannot  "  seep  "  salt  into  a  spring  of 
fresh  water,  how  could  a  rock,  not  included  in  the  path  of  a  con- 
tinuous circulation,  impregnate  any  portion  of  that  path  by  its 
"seepage?" 

14.  Again,  it  is  conceivable  that  gash- veins,  and  other  spaces 
wholly  within  a  given  rock-mass,  may  receive  concentrations  of 
mineral  by  "  seepage,"  though  even  in  this  case,  if  the  process  is  to 
result  in  considerable  accumulations  of  mineral,  it  must  be  a  long- 
continued  one,  supported  by  an  inflow  and  outflow  ;  in  other  words, 
it  must  be  a  part  of  a  general  ascending  or  descending  circulation. 
And  since  the  ascending  circulation  involves  a  pressure  from  the  fis- 
sure towards  the  wall-rock,  that  is,  in  the  wrong  direction  for  "seep- 
age," it  follows  that,  except  in  the  vadose  region,  and  apart  from 
highly  exceptional  conditions,  the  products  of  the  leaching  of  any 
given  rock-mass  are  not  likely  to  be  found  predominantly  in  adjoin- 
ing fissures. 

15.  The  theory  of  lateral  secretion,  therefore,  is  essentially  con- 
fined to  the  region  of  the  vadose  circulation  ;  and  those  who  would 
apply  it  to  the  origin  of  deposits  containing  sulphides  must  be  pre- 
pared to  maintain  that  those  sulphides  have  been  deposited  from 
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solutions  moving  downwards  or  laterally,  under  the  influence  of 
gravity,  in  other  words,  surface-waters.  Prof.  Sandberger  does  not 
hesitate  to  accept  this  alternative,  although  he  does  not  perceive, 
apparently,  how  it  confines  the  sphere  of  his  theory.  According  to 
his  view,  the  metals  are  disseminated  in  the  country-rocks  and  sili- 
cates, and  these  rocks  contain  also  sulphate  of  soda,  and  other  soluble 
alkaline  sulphates,  as  well  as  chloride  of  sodium,  all  of  which,  he 
supposes,  are  converted  by  organic  matter  into  alkaline  sulphides, 
which  transform  the  metallic  silicates  into  metallic  sulphides. 

16.  But  this  explanation  encounters  two  serious  difficulties.  In 
the  first  place,  it  is  opposed  to  the  overwhelming  evidence  that  the 
downward  circulation  does  not  characteristically  deposit  sulphides, 
but  attacks  them  ;  that  it  does  not  characteristically  contain  alkaline 
sulphides,  but  alkaline  carbonates  and  free  carbonic  acid  and  oxygen. 
In  the  second  place,  the  explanation  breaks  down  in  the  presence 
of  fissures  filled  with  sulphides,  extending  far  below  any  present 
or  conceivable  past  drainage-level.  The  sulphide  ore-deposits  in 
such  fissures,  at  the  greatest  depths  attained  by  mining,  show  no 
structural  differences  or  other  indications  of  a  different  origin,  as 
compared  with  sulphides  in  the  levels  above.  There  is  a  change  at 
water-level,  but  it  is  notoriously  a  change  from  oxidation  above,  to 
absence  of  oxidation  below,  that  level. 

17.  The  lateral-secretion  theory,  therefore,  so  far  as  it  is  true  at 
all,  is  no  more  than  a  subordinate  division  of  the  theory  of  the  for- 
mation of  deposits  in  open  spaces  above  drainage-level ;  and  even 
here,  it  is  neither  necessary  nor  plausible,  as  the  explanation  of 
deposits  which  continue  downwards,  and  must  be  referred,  as  regards 
their  lower  portions,  to  a  deep  source.  Such  deposits  may  have  been 
altered  in  character  and  even  in  form,  in  the  vadose  region ;  they 
probably  originated  in  the  deep  region. 

18.  On  the  other  hand,  the  hypothesis  of  ascending  waters  as  the 
vehicle  of  solution  and  deposition  does  not  exclude  the  idea  of  the 
leaching  of  any  rock  traversed  by  such  waters.  It  indeed  assumes 
such  a  leaching  as  having  taken  place  somewhere.  But,  as  opposed 
to  the  theory  of  lateral  secretion  (modified  to  lateral  circulation)  it 
assumes  the  rock  immediately  adjoining  a  vein-fissure  (when  the  fis- 
sure continues  deeper)  to  be  the  least  likely,  not  the  most  likely, 
source  of  the  metallic  ores.  And  on  this  point  it  appeals  to  the  phe- 
nomena of  crustification.  Nothing  is  plainer  than  the  evidence 
afforded  by  the  successive  crystalline  crusts  of  an  amethyst  geode,  for 
instance,  that  the  deposition  took  place  first  upon  the  walls  of  the 
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cavity,  afterwards  upon  the  crust  thus  formed,  and  so  on  towards 
the  central  druse.  The  very  first  deposit  evidently  covered  the  wall 
with  an  impermeable  layer;  and  the  material  for  all  succeeding 
deposits  must  have  come  (as  the  sections  of  many  geodes  show  visi- 
bly that  it  did  come)  through  a  passage  from  without  the  mass  of 
the  geode.  In  like  manner,  the  crustified  filling  of  a  fissure-vein 
cannot  well  have  come  from  the  walls  of  the  vein  at  the  place  where 
the  first  crust  deposited  would  necessarily  close  those  walls.  The 
crusts  have  been  deposited  from  a  solution  between  them.  The  cen- 
tral druse  was  not  first  formed,  and  then  pushed  out  by  successive 
deposits  behind  it,  as  the  bark  of  a  tree  is  thickened.  The  solution 
depositing  the  crystals  in  successive  crusts  must  therefore  have  been 
part  of  a  current ;  and  its  entrance  and  exit  can  scarcely  be  sought,  as 
a  rule,  in  the  walls  it  has  crusted.  A  side-fissure,  entering  through 
either  wall,  is,  of  course,  not  impossible  or  uncommon.  But  it 
cannot  be  assumed  to  exist,  without  proof.  And  when  such  a  thing 
is  actually  found,  its  effect  upon  the  vein  is  so  marked  as  to  raise  a 
strong  presumption  that  the  normal  source  of  the  vein-solutions  was 
not  in  that  direction. 

19.  Prof.  Posepny  has  laid  much  emphasis  upon  crustifieation,  as 
he  has  defined  that  term.  I  think  he  is  right  in  so  doing ;  and  I 
may  remark  incidentally  that  his  use  of  new  special  terms  (which 
has  been  objected  to  by  some),  is  justified,  in  this  case,  as  in  other 
cases,  by  the  greater  precision  of  thought  thereby  secured.  The  dis- 
advantage of  a  preference  for  ordinary  and  familiar  words,  when 
such  words  may  have  many  meanings,  is  illustrated  by  the  manner 
in  which  Prof.  Posepny,  on  the  one  hand,  and  his  critics,  on  the 
other,  have  been  misled  by  the  ambiguity  of  "  banded  structure." 
He  interprets  "  banded  structure,"  or  equivalent  expressions,  in  some 
of  the  authorities  he  cites,  as  meaning  crustifieation,  and  they  say 
that  banded  structure  may  arise  in  several  ways,  intimating  thereby 
that  crustifieation  is  not  a  sure  proof  of  deposition  upon  cavity-walls. 
The  verbal  misconception  being  corrected,  it  seems  to  me  that  there 
is  no  difference  between  the  parties  on  this  head. 

20.  The  assertion  that  a  current  is  necessary  for  the  deposition  of 
such  crustified  accumulations  is  not  to  be  construed  as  excluding 
variations  in  velocity,  or  occasional  stoppages  and  intermissions.  The 
objection  of  Prof.  Sandberger,  that  mineral  springs  do  not,  as  a  fact, 
deposit  solid  substances  in  their  channels,  seems  to  be  based  upon  the 
conception  of  such  springs  as  ascending  with  unvaried  velocity,  as 
if  through   pipes  of  uniform   diameter.     Even  pipes,  as  Professor 
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Posepny  reminds  us,  have  been  known  to  receive  interior  incrusta- 
tions; but  the  probability  of  such  deposits  is  much  increased 
when  the  effects  of  variations  in  the  nature  and  size  of  the  channel 
are  taken  into  account.  Mutatis  mutandis,  the  analogy  of  the  de- 
position of  sediments  by  a  running  stream  is  available  here.  As 
sands  and  clays,  carried  in  suspension  where  the  current  is  most 
rapid,  are  dropped  where  it  is  checked  through  widening  of  the 
channel,  or  from  other  causes,  so  the  deposits  of  a  mineral  circula- 
tion will  naturally  be  greatest  where  the  movement  is  slowest,  or  is 
even  temporarily  arrested  altogether ;  and  they  will  be  reduced  to  a 
minimum,  other  things  being  equal,  where  the  current  is  most  rapid. 
The  phenomenon  of  distinct  crustification,  in  fact,  requires  the  hy- 
pothesis of  a  relative  quiescence  of  the  menstruum.  And  instances 
are  not  wanting  underground  in  which  the  widening  of  the  vein- 
fissures,  or  the  change  to  a  flatter  dip,  has  apparently  favored  the 
deposition  of  ore.*  The  ascension-theory  does  not  exclude  these 
obvious  considerations.  All  it  asserts  is,  that  the  portion  of  solution 
entering  a  given  space,  and  depositing  therein  a  precipitate,  must 
thereafter  escape  and  give  place  to  another  portion  of  solution,  if  the 
process  is  to  be  repeated  ;  and  that,  with  regard  to  deposits  of  "sul- 
phides, formed  below  drainage-level,  the  only  escape  is  ultimately 
upward.  But  the  phenomena  of  crustification  in  veins  afford,  in 
my  judgment,  another  argument  against  the  theory  of  lateral  secre- 
tion. Namely,  it  is  well  known  that  the  crustification,  even  in  typi- 
cal fissure-veins,  is  not  everywhere  distinct.  If  it  can  be  observed, 
with  its  characteristic  central  druse,  in  one  part  of  a  vein,  it  is  held 
(properly,  I  think)  to  be  (in  the  absence  of  evidence  to  the  contrary) 
a  proof  that  the  similar  ores  of  other  parts  of  the  vein  have  been 
similarly  deposited.  The  absence  of  crustification  in  some  places 
may  be  explained,  on  the  ascension-theory,  by  the  varying  speed  of 
the  current,  and  the  varying  nature  and  dip  of  the  walls,  as  affecting 
the  deposition  of  adherent  crystalline  crusts.  The  chemical  or  phy- 
sical causes  inducing  precipitation  may  simply  produce  a  suspended 

*  On  the  other  hand,  increased  width  of  "  vein-matter  "  has  often  been  due  to  a 
splitting  of  the  fissure,  and  the  enclosure  of  fragments  of  country-rock,  which  is 
afterwards  more  or  less  transformed  into  gangue,  or  remains  as  horses  in  the  vein. 
Or,  such  increased  width  may  be  (as  in  the  Cornwall  tin-mines)  the  result  of  a 
mineralization  of  the  country-rock  beyond  the  limits  of  the  original  fissure,  pro- 
ducing a  mass  of  altered  rock  impregnated  with  ore  (the  Zinnzwitter  of  the  Ger- 
mans). In  such  cases,  while  the  aggregate  of  mineral  deposited  is  doubtless  much 
greater  than  it  would  have  been  had  the  solution  passed  through  the  narrow  fissure 
only,  the  richness  of  the  material  is  reduced  by  the  admixture  of  gangue  and  rock. 
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precipitate,  to  be  subsequently  deposited  as  a  sediment.  But  if  lateral 
secretion  has  produced  crustification,  such  as  is  observed  in  fissure- 
veins  (as  I  think,  with  Professor  Posepny,  that  it  has  not)  then  that 
structure,  it  seems  to  me,  should  be  more  uniformly  distinct  in 
such  veins  than  it  is.  For  the  conception  of  lateral  secretion  into  a 
fissure  excludes  the  conception  of  a  current  under  higher  pressure, 
already  occupying  that  fissure;  and  the  local  interference  of  such  a 
current  with  the  quiet  process  of  crystallization  is  therefore  out  of 
the  question. 

21.  The  comparatively  small  amount  of  mineral  matter  contained 
in  the  ascending  springs  of  the  deep  circulation,  originating  below 
drainage-level,  is  to  my  mind  some  indication  that  they  have  already 
deposited  somewhere  the  larger  part  of  the  substances  they  have 
held  in  solution.  They  are  never  saturated  solutions.  As  we  find 
them,  they  contain  what  we  may  suppose  to  be  only  remaining  traces 
of  the  metallic  constituents  which  they  may  (we  may  almost  say 
must)  have  carried  at  greater  depths,  temperatures,  and  pressures.  Is 
not  the  presence  of  these  minute  remainders  really  an  evidence  of 
the  larger  amounts  once  present,  and  therefore  of  a  precipitation  en 
route?  In  connection  with  this  question,  the  probable  conditions  of 
the  deep  zone  must  be  borne  in  mind,  such  as,  not  only  the  increased 
solvent  power  of  the  waters  of  that  zone,  but  also  the  probable  slow- 
ness of  their  downward  progress,  which  is  practically  (according  to 
Daubree)  a  seepage,  and  which  must  favor  the  formation  of  saturated 
solutions. 

22.  In  reply  to  this  suggestion,  the  question  may  be  raised,  how 
the  deposition  of  ores,  extending  almost  or  quite  to  the  surface,  is  to 
be  accounted  for,  if  the  solutions  now  encountered  below  drainage- 
level,  are  already  so  nearly  exhausted  as  to  be  capable  of  compara- 
tively little  further  precipitation.  Without  forgetting  that  the  most 
dilute  solutions  may  still  give  precipitates  under  chemical  or  phys- 
ical changes  of  condition ;  and  that  such  precipitates,  however  in- 
significant, may  attain  a  considerable  aggregate  amount  by  long-con- 
tinued repetition,  I  think  the  more  comprehensive  answer  to  the 
above  question  is  found  in  the  conclusion  to  which  we  are  led  by  the 
ascension-theory,  that  deposits  carrying  metallic  sulphides,  though 
they  reach  the  present  surface,  were  formed  mainly  below  the  influ- 
ence of  the  vadose  circulation,  and  therefore  under  conditions  such 
as  may  now  obtain  at  depths  beyond  our  observation. 

23.  This  suggests  another  point,  to  which  Prof.  Posepny  has  called 
attention,  and  which  was  acutely  recognized  by  Cotta,  many  years 
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ago,*  namely,  the  fact  that  speculations  upon  the  relation  between 
the  contents  of  mineral  veins  and  their  depth  are  largely  vitiated  bv 
the  vagueness  and  uncertainty  of  the  element  of  depth,  as  estimated 
by  comparison  with  the  present  surface.  In  most  mining  regions 
there  is  unquestionable  evidence  of  great  denudation,  which  has  pro- 
bably removed  from  the  surface  a  larger  mass  than  has  been  pene- 
trated anywhere  by  mining.  It  seems  impossible,  therefore,  to  argue 
as  to  the  continuance  of  ores  "  in  depth,"  meaning  thereby  beyond 
1000  or  2000  feet  from  the  present  surface,  when  that  surface  itself 
may  have  been  10,000  feet  underground  at  the  time  the  ores  were 
deposited.  We  may  imagine  that  the  ascending  waters  in  a  vein 
now  rich  in  metallic  deposits  "from  the  grass-roots  down,"  once 
continued  their  upward  course  to  the  former  surface,  emerging  as 
dilute  solutions;  or  never  reached  that  surface  intact,  but  encoun- 
tering the  vadose  circulation,  became  a  part  of  it ;  and,  in  either 
case,  precipitated  less  and  less  metallic  matter  as  they  ascended. 
Conversely,  we  may  reasonably  imagine  that,  if  we  could  retrace  the 
course  of  a  mineral  spring  coming  from  the  deep  zone,  it  might  lead 
us  back  to  the  region  where  it  had  deposited  the  treasure  of  which 
it  now  exhibits,  at  most,  only  faint  remaining  traces.  And  what  we 
might  thus  fairly  imagine  concerning  an  actual  spring  might  be 
equally  true  of  the  channel  of  a  former  spring  now  closed  altogether, 
or  occupied  only,  under  changed  conditions  of  altitude  and  drainage, 
by  the  vadose  circulation — that  is  to  say,  of  a  fissure- vein,  compara- 
tively barren  or  lean  at  the  present  surface.  In  other  words,  the 
present  surface  is  an  arbitrary  section,  cutting  off  the  veins.  Those 
which  it  happens  to  intersect  in  their  richer  portions,  are  naturally 
the  ones  which  are  developed  by  mining.  Those  which  it  shows  to 
be  locally  barren,  are  naturally  not  thus  developed,  unless  local 
experience  supports  the  hope  that  they  will  improve  in  depth. 
Such  a  local  experience  is  doubtless  the  foundation  of  the  maxim 
which  Cornish  miners  have  carried  throughout  the  world,  that  "  a 
fissure-vein  grows  richer  in  depth,"  a  proposition  for  which,  as  a 
general  guide  for  mining  (apart  from  the  effects  of  surface-waters, 
which  may  be  sometimes  impoverishing),  is  without  foundation  in 
experience.  For  although  a  comparatively  barren  fissure  may  be, 
and  has  often  been  shown  to  be,  the  upper  part  of  a  vein  carrying 
rich  ores  below,  there  is  no  general  law  that  it  must  be  so ;  and, 
moreover,  there  is  no  way  of  deterrning  a  priori  the  depth  of  the 
barren  zone,  measured  from  the  present  surface. 

*  Die  Lehre  von  den  Erzlagersliitten,  Freiberg,  1858.     Part  I.,  p.  129. 
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24.  On  the  other  hand,  while  the  varying  positions  of  the  present 
surface  prevent  generalization  as  to  the  relations  of  ore  to  "  depth," 
it  is  unquestionably  possible  that  there  may  be,  in  a  given  fissure,  a 
relation  of  that  kind.  The  ascension-theory  neither  asserts  nor 
denies  such  a  supposition.  Mr.  Rickard's  suggestion  that  the  deeper 
zone  must  be  the  region  of  solution,  and  a  higher  zone  the  region  of 
precipitation,  is  speculatively  reasonable  enough  ;  but  it  amounts  to 
a  proposed  subdivision  of  the  barvsphere  into  two  regions;  for  the 
deep  zone  which  Prof.  Posepnv  has  called  the  barysphere  includes 
everything  below  our  observation,  and  it  is  in  that  zone  that  both 
solution  and  precipitation  are  supposed  to  have  taken  place  to  form 
the  deposits  of  metallic  sulphides.  In  our  ignorance  of  the  condi- 
tions of  that  unknown  region,  it  is  scarcely  possible  or  necessary  to 
frame  hypotheses  concerning  them.  The  practical  bearing  of  Mr. 
Rickard's  suggestion  lies  in  his  connection  of  it  with  an  alleged 
general  phenomenon  of  the  impoverishment  of  veins  in  depth,  as 
shown  by  experience  in  mining. 

25.  As  to  this  alleged  general  phenomenon,  I  would  say  first,  that 
even  if  it  were  proved,  it  could  hardly  be  ascribed  to  the  cause  sug- 
gested by  Mr.  Rickard,  namely,  the  predominance  of  solution  in 
lower  zones  and  the  confinement  of  precipitation  to  higher  ones,  be- 
cause the  depths  reached  in  mining  are  not  great  enough  to  warrant 
such  a  deduction,  and  also  because  the  instances  (such  as  Przibram) 
of  rich  ores  continuing  for  great  vertical  distances,  and  down  to 
levels  among  the  deepest  ever  opened  by  mining,  contradict  the 
hypothesis. 

But  it  must  be  confessed  that  there  is  much  evidence  which  seems 
to  corroborate  Mr.  Rickard's  statement  as  to  the  exhaustion  of  mines 
in  depth.  This  evidence  needs,  however,  to  be  carefully  collated 
and  critically  sifted,  before  it  can  be  accepted  as  the  indication  of  a 
natural  law. 

a.  In  such  an  inquiry  all  cases  must  be  rejected  in  which  oxidized 
surface-ores  have  been  mined  down  to  water-level,  and  the  mine  has 
been  abandoned  by  reason  of  reaching  the  refractory  sulphides.  In 
many  such  cases  the  oxidized  ores  are  actually  richer  {e.g.  in  gold) 
by  reason  of  the  alteration  they  have  undergone;  but  this  is  not  per- 
tinent to  the  question  of  original  deposition. 

b.  The  abandonment  of  mines  by  reason  merely  of  the  increased 
cost  of  deep  mining  must  be  also  set  aside  as  affording  no  evidence 
on  this  subject. 

c.  The  fact  that  in  mining  a  bonanza  is  traversed,  and  a  relatively 
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barren  zone  occurs  below,  does  not  necessarily  indicate  a  relation  be- 
tween barrenness  and  depth.  The  occurrence  of  a  bonanza  very 
frequently  involves  barrenness  of  the  neighboring  portions  of  the 
vein.  That  this  is  the  case  on  a  horizontal  line  is  abundantly  proved. 
An  instance  in  point  is  furnished  by  the  Bullion  mine  situated  on  the 
Comstock  lode,  between  mines  which  have  produced  many  millions. 
The  expenditure  of  millions  on  the  Bullion  never  produced,  so  far 
as  I  know,  a  ton  of  profitable  ore.  Why  should  not  a  similar  alter- 
nation of  rich  and  barren  places  occur  in  the  vertical  line?  The 
cost  of  exploration  in  depth,  and  particularly  in  sinking,  naturally 
discourages  mine-owners  ;  and  the  abandonment  of  an  operation 
under  such  circumstances  really  proves  nothing. 

d.  In  any  case  of  alleged  impoverishment  of  a  vein  in  depth,  not 
only  the  actual  depth  below  the  present  surface,  but  also  (so  far  as  it 
can  be  estimated)  the  probable  amount  of  denudation  which  the  sur- 
face has  undergone,  should  be  taken  into  account. 

e.  The  nature  of  the  ore  also  may  have  a  distinct  bearing  upon 
this  inquiry.  It  is  my  impression  that  of  the  loose  and  vague  evi- 
dence thus  far  accumulated,  a  large  part  refers  to  gold-ores,  and  par- 
ticularly to  free  gold  in  quartz,  as  "  giving  out  "  in  depth.  I  re- 
member that  in  my  last  conversation  with  the  late  Joshua  E.  Clay- 
ton, a  close  and  conscientious  observer,  he  told  me  that  he  had  per- 
sonally examined  numerous  quartz-veins,  occurring  all  along  the 
flanks  of  the  Sierra  Nevada,  and  had  found  in  every  case  that  the 
veins,  as  exposed  in  the  deep  canons  cross-cutting  them,  hundreds  of 
feet  below  their  outcrops  on  the  mountains,  were  poorer  in  gold  than 
at  the  higher  level.  This  testimony  is  valuable,  and  it  may  be  that 
it  indicates  a  general  law  as  to  such  gold-veins ;  but  it  must  be 
borne  in  mind  that  some  of  the  California  gold-mines  have  been 
worked  deeper  than  any  canons  have  cut  the  veins.  Yet,  on  the 
other  hand,  many  of  the  deep  gold-mines  of  the  State  have  been 
ultimately  abandoned. 

26.  Mr.Rickard's  suggestion  has  a  practical  side  of  great  import- 
ance. Namely,  although,  in  my  judgment,  there  is  no  established 
general  law,  discouraging  the  exploration  of  a  vein  in  depth,  so  long 
as  the  fissure  continues  well-defined,  and  especially  if  it  carries  any 
thread  of  ore,  it  is  undoubtedly  the  case  that  miniug  explorations  are 
too  much  confined  to  sinking  and  drifting,  and  that  there  is  too  little 
cross-cutting  for  parallel  fissures  and  ore- bodies.  To  some  extent 
this  is  one  of  the  results  of  our  absurd  United  States  mining  law, 
which  lays  so  much  stress  upon  the  "apex  "  and  the  "lode;"  but 
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the  mistaken  practice  of  neglecting  cross-cuts  into  the  country-rock 
is  not  confined  to  mines  operated  under  that  law. 

27.  Another  important  point  in  Prof.  Posepny's  paper  is  his  pro- 
position (based  on  Noggerath's  observations  in  the  main,  but  not 
lacking  other  support)  that  open  spaces  of  dissolution  may  be  formed 
by  ascending  as  well  as  descending  currents.  Since  the  process  of 
solution  depends  upon  the  character  of  the  liquid  agent,  this  is  only 
saying  that  some  ascending  waters  may  be  able  to  dissolve  portions 
of  the  rocks  they  traverse ;  and  that  if  such  rocks  belong  to  the  class 
represented  by  limestone,  such  currents  may  produce  in  them  caves 
and  channels,  comparable  to  those  notoriously  produced  by  the  de- 
scending waters.  I  confess,  this  seems  to  me  a  reasonable  proposi- 
tion, however  meager  may  be  the  proofs  thus  far  adduced.  And  I 
cannot  understand,  at  all  events,  how  opponents  of  the  ascension- 
theory  should  object  to  it;  for  they  do  not  deny  that  there  are  such 
things  as  ascending  mineral  springs,  and  that  these  springs  hold  in 
solution  such  substances  as  carbonates  and  free  carbonic  acid.  What 
they  deny  is  that  these  springs  deposit  anything  in  their  channels. 
In  that  case,  they  must  dissolve  without  redepositing ;  and  the  evi- 
dence that  they  have  actually  excavated  channels  underground  is 
afforded  by  their  constitution.  They  bring  the  evidence  of  their 
guilt  with  them.  To  reply  that  they  are  part  of  the  vadose  circula- 
tion only,  and  hence,  no  matter  what  their  local  direction,  belong  to 
the  descending  branch,  is  not  permissible ;  for  springs  encountered 
at  great  depths  in  mining  have  the  composition  required  to  make 
them  active  solvents.  How  can  it  be  doubted  that  the  hot  waters 
of  the  springs  encountered  in  the  Bohemian  mines  (see  Nos.  1,  2  and 
3  of  Prof.  Posepny's  table,  Trans.,  xxiii.,  234),  which  contain  "a 
notable  quantity  of  free  carbonic  acid,"  would,  if  they  traversed 
limestone,  excavate  cavernous  channels  in  it? 

28.  Moreover,  there  is  reason  why  a  liquid  solvent  under  pressure, 
occupying  a  space  in  a  soluble  rock,  should  eat  its  way  upward 
rather  than  downward  or  laterally — namely,  because  the  insoluble 
portions  of  the  rock,  loosened  by  the  action  of  the  solvent,  fall  away 
from  the  roof  of  the  cavity  most  easily  and  completely,  leaving 
fresh  surfaces  open  to  further  attack.  Whoever  has  visited,  as  I 
have  done,  the  salt-mines  of  the  Salzkammergut,  in  the  Austrian 
Tyrol,  where  salt  is  extracted  by  Sinkwerke*  and  has  observed  how 
the  great  underground  rooms,  repeatedly  filled  with  water  under 

*  Described  in  Serlo's  Leitfaden  zur  Bergbaukunde,  4th  ed.,  Berlin,  1884,  vol.  i., 
p.  611  et  seq. 

vol.  xxiv. — 63 
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pressure,  travel  upward  through  the  mass  of  the  saliferous  rock,  as 
their  roofs  are  attacked  and  dissolved,  while  their  floors  are  rela- 
tively protected  by  the  fallen  insoluble  dibris,  can  scarcely  doubt 
the  possibility  of  the  formation  of  spaces  of  dissolution  by  ascend- 
ing waters.  One  variety  of  this  extraction — viz.,  the  so-called  "con- 
tinuous watering,"  employed  in  some  of  the  mines — presents  a  still 
closer  analogy.  In  that  method  the  water  is  not  introduced  period- 
ically into  each  Sinkwerk,  to  be  withdrawn  when  saturated,  and 
wholly  replaced  with  fresh  water  for  further  solution.  On  the  con- 
trary, the  flow  of  water  is  made  continuous,  fresh  water  being  ad- 
mitted at  one  point  while  saturated  brine  is  conducted  away  at 
another.  It  is  true  that  the  actual  flow  of  the  current  is  down- 
ward, the  fresh  water  being  admitted  above  and  the  brine  drawn 
off  below;  but  this  is  not  an  essential  feature  of  the  process  itself. 
The  actual  progress  of  excavation  by  solution  is  upward,  and  the 
essential  condition  is  the  presence  of  a  pressure  sufficient  to  cause 
the  solvent  to  penetrate  the  roof.  That  being  secured,  the  roof  is 
mainly  attacked,  the  side  much  less,  and  the  bottom  scarcely  at  all. 
29.  Prof.  Posepny's  "  Theory  of  the  Sinking  of  Heavier  Con- 
stituents," as  applied  to  the  distribution  of  gold,  etc.,  in  placers,  is 
a  valuable  addition  to  our  knowledge  of  such  deposits.  It  is  highly 
desirable  that  our  members  engaged  in  placer  or  hydraulic  mining 
should  give  us  the  results  of  careful  observation  upon  the  conditions 
presented  by  the  gold-deposits  of  this  country.  Few  of  them  have 
done  so  thus  far,  and  the  field  is  full  of  interesting  data  not  yet  put 
into  shape  for  preservation.  I  am  inclined  to  think,  for  instance, 
that  "  the  hypothesis  of  a  natural  concentration  in  running  water," 
which  Prof.  Posepny  disparages,  and  for  which  he  proposes  to  sub- 
stitute the  theory  just  mentioned,  would  find  some  support  in  the 
phenomena  of  many  American  placers,  where  the  gold  is  concen- 
trated not  only  on  a  false  or  true  bed-rock,  but  in  distinct  channels 
along  that  plane,  so  that  the  placer-miners,  for  many  years,  have 
pursued  the  tortuous  channels  of  "  pay-dirt,"  leaving  large  areas  un- 
worked,  which,  for  some  reason  or  other,  did  not  pay,  though  they 
were  equally  "  in  the  gulch,"  and  had  the  bed-rock  under  them,  like 
the  rest.  I  do  not  mean  to  deny  the  possible  agency  of  such  a  con- 
centration by  gravity  in  loose  sands  and  gravels  as  Prof.  Posepny 
has  postulated,  but  I  fancy  it  would  be  hard  to  explain  the  distribu- 
tion of  the  gold  in  many  of  our  American  placers  except  by  includ- 
ing among  its  factors  the  action  of  running  water.  If  I  am  correct 
in  this  impression,  I  may  venture  to  consider  the  case  as  one  in 
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which  Prof.  Posepny's  heaviest  artillery  can  be  turned  back  upon 
him;  since  his  theory  of  "settling"  may  be  called  a  sort  of  dry 
"seepage"  or  secretion  by  gravity,  and  my  view  may  be  considered 
as  the  assertion  that,  here  as  elsewhere,  there  is  no  deposition  with- 
out circulation. 

Concerning  the  differences  of  opinion  developed  by  this  discus- 
sion, I  think  it  may  be  said  that,  upon  closer  examination,  they  are 
not  important,  except  as  to  the  explanations  of  certain  districts  and 
ore-deposits  which  Prof.  Posepny  has  rather  deduced  from  the  writ- 
ings of  others  than  based  upon  observations  of  his  own. 

With  regard  to  nearly  or  quite  all  of  these  instances,  our  own  ex- 
perts are  not  agreed,  so  that  Prof.  Posepny  has  respectable  backing 
for  his  views,  whether  they  turn  out  in  the  end  to  be  correct  or  not. 
Certainly  he  has  presented  them  with  a  conspicuous  absence  of  dog- 
matism, and  they  have  been  received  on  the  part  of  our  members,  I 
am  happy  to  say,  with  the  respect  due  to  the  merits  of  a  veteran  au- 
thority, and  with  gratitude  for  the  generosity  which  has  enriched 
the  Transactions  of  the  Institute  with  one  of  the  most  important 
contributions  to  technical  science  ever  made  through  that  medium. 

F.  M.  F.  Cazin,  Hoboken,  N.  J.  (communication  to  the  Secre- 
tary) :  Bergrath  Posepny  rejects  my  assumption  of  the  presence  of 
copper  in  the  Triassic  sea,  claiming  that  the  evidence  adduced  does 
not  hold  good,  and  observing  in  support  of  his  view,  "  that  these 
palms,"  the  cuprified  fossils  of  which  are  found  in  the  "  coarse  yel- 
low sandstones  and  conglomerates  overlying  the  red  beds  of  the 
Trias,"  "on  the  junction  of  the  Trias  with  the  Cretaceous,"*  "prob- 
ably occur  in  a  fresh-water  basin." 

The  fossil  in  question  is  identical  with  "  Podozamites  crassifolia," 
describedf  as  occurring  in  the  State  of  Sonora.|     Palms  cover  at 

*  J.  S.  Newberry,  Report  on  the  Expedition  o/1859,  pages  117  and  118. 

f  Ibid.,  p.  145. 

J  It  is  one  of  the  various  strange  things  observed  in  geological  reports  that  are 
the  compound  work  of  many,  that,  although  J.  S.  Newberry  prominently  and  re- 
peatedly refers  to  the  palm-fossils  of  Nacimiento,  his  plates  show  naught  under  that 
head,  but  do  show  a  true  image  of  these  "  palm-leaves,"  described  as  collected  in 
"  quite  a  number  "  by  Mr.  Remond  from  "  the  Triassic  strata  at  Los  Bronces, 
Sonora,"  a  locality  not  visited  by  the  expedition  of  which  the  report  is  made.  I 
may  mention  as  an  amusing  coincidence,  that  at  Prof.  Newberry's  and  at  my  time 
there  was  at  Nacimiento  a  silver-smith,  who  hailed  from  Los  Bronces,  Sonora,  and 
who,  whenever  in  his  trade  he  needed  copper,  smelted  it  in  a  miniature  crucible  on 
a  miniature  Mexican  forge  with  accordion-shaped  bellows,  using  as  his  material  for 
copper  the  fossil  palm-leaves  of  Nacimiento,  of  which  within  easy  walk  from  his 
door  he  could  pick  up  all  he  was  in  need  of,  and  of  which  he  kept  on  hand  "  quite 
a  number." 
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this  date  a  narrow  belt  along  the  northern  coast  of  South  America, 
disappearing  in  the  interior.  The  location  of  the  Nacirniento  copper- 
belt  is  one  from  which  the  Cretaceous  sea  retired  last  of  all  on  this 
continent.  Its  waters  at  this  date  are  shed  into  the  Gulf  of  Mexico, 
with  no  indication  anywhere  of  a  pre-existing  barrier.  I  am  ac- 
quainted with  the  English  and  North  German  "Weald en  formation, 
having  mined  in  it;  but,  as  J.  S.  Newberry  did  not,  so  I  did  not,  find 
a  trace  of  evidence  for  assuming  a  sweet-water  formation  at  the 
Nacimiento  copper-deposits. 

My  assumption,  therefore,  stands  on  proper  ground,  unless  more 
than  a  probability  to  the  contrary  be  offered. 

If  ever  J.  S.  Newberry's  and  my  own  observations  as  to  the  geo- 
logical position  and  normal  character  of  the  deposits  in  question  have 
been  objected  to  on  the  ground  of  actual  local  observations,  I  am 
ignorant  of  the  fact. 

Joseph  Le  Conte,  Berkeley,  Cal.  (communication  to  the  Secre- 
tary) :  All  geologists,  but  especially  studeuts  of  the  phenomena  of 
metalliferous  veins,  are  under  deep  obligation  to  Bergrath  Posepny 
for  the  very  lucid  exposition  and  abundant  illustrations  of  these 
phenomena  contained  in  his  admirable  treatise  on  the  "Genesis  of 
Ore-Deposits."  Like  the  previous  treatise  of  Saudberger,  though 
taking  an  extreme  opposite  position,  it  must  powerfully  revive  the 
interest  of  students  and  observers  in  the  purely  scientific  theory  of 
metalliferous  veins.  Although  read  at  the  International  Engineer- 
ing Congress  of  the  World's  Fair  at  Chicago,  in  1893,  it  has  only 
very  recently  fallen  under  my  eye.  As  I  have  thought  much,  and 
published  somewhat  on  this  subject,  I  beg  leave  to  say  a  few  words 
in  the  way  of  criticism  on  this  masterly  work. 

All,  I  think,  will  agree  that  one  of  the  chief  merits  of  the  work 
consists  in  the  clear  distinction  which  the  author  draws  between  what 
he  calls  the  vaclose,  or  superficial,  and  the  deep  circulation  of  under- 
ground water ;  the  water  in  the  one  case  containing  air,  and  there- 
fore oxidizing  ;  in  the  other,  destitute  of  air,  and  therefore,  non- 
oxidizing  ;  the  one  circulation  driven  by  gravity  alone,  the  direc- 
tion of  the  current  being  determined  by  the  place  of  outflow,  the 
other  driven  largely  by  heat  received  in  the  lower  parts  of  its  circuit, 
and  the  direction  of  its  current  being  mainly  upwards. 

We  are  all,  I  think,  especially  pleased  with  the  significance  he 
finds  in,  and  the  importance  he  attaches  to,  the  oxidizing  and  non- 
oxidizing  effects  of  these  two  circulations  respectively.  It  follows, 
from  this  view,  that  metallic  sulphides  are  not  deposited  from  the 
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waters  of  the  vadose  circulation,  unless  under  the  exceptional  con- 
ditions of  the  presence  of  excess  of  organic  matter ;  and  therefore, 
that  the  presence  of  metals  in  the  form  of  sulphides  is  usually  a 
sign  of  deposit  from  ascending  currents  of  the  deeper  non-oxidizing 
circulation. 

Most  of  us,  I  think,  too  (and  I  among  the  number),  will  agree 
with  him,  as  against  Sandberger,  that  since  great  deep  fissures  are 
not  empty,  air-filled  spaces,  but  are  necessarily  filled  with  water, 
deposits  in  them  cannot  take  place  by  seepage  or  oozing,  or  lateral 
secretion  from  the  immediate  bounding-walls.  Also,  that  the  phe- 
nomena of  crustification  or  ribbon-structure  of  vein-contents  seem 
to  negative  such  a  mode  of  filling  as  is  supposed  by  Sandberger; 
that  this  structure  does  not  indicate  a  filling  by  oozing  and  trickling 
of  waters  containing  soluble  matters,  down  on  a  free  surface,  but 
rather  a  deposit  in  successive  layers  inward  from  water  contained  in 
the  fissure. 

For  all  this,  and  very  much  more  which  I  cannot  repeat  here,  we 
are  under  many  obligations  to  Bergrath  Posepny.  Nevertheless,  I 
cannot  but  think  that  he  carries  his  ascension-views  much  too  far ; 
that  in  his  zeal  against  the  extreme  lateral-secretion  views  of  Sand- 
berger, he  has  gone  to  the  other  extreme  of  ascensionisra  ;  and  that 
a  truer  view  than  either  may  be  found  in  one  that  shall  combine 
and  reconcile  these  two  extremes. 

The  evidence  of  the  extremeness  of  his  views  is  found,  and  in- 
deed, is  embodied,  in  his  use  of  the  term  barysphere.  As  contrasted 
with  lithosphere,  this  term  can  only  mean  a  region  in  the  interior  of 
the  earth,  the  materials  of  which  are  heavier,  because  more  metal- 
liferous, than  the  superficial  lithosphere  visible  to  us.  From  such 
a  metalliferous  barysphere,  he  thinks,  all  the  metals  of  ore-deposits 
(with  trifling  exceptions)  are  derived.  It  is  true,  that  in  his  reply 
to  objectors,  he  speaks  of  his  barysphere  as  only  the  equivalent  of  the 
u  unknown  depths  "  of  other  writers ;  but,  it  must  be  remarked,  that 
this  latter  term,  while  open  to  the  objection  of  indefiniteness,  does 
not,  necessarily,  carry  with  it  any  implication  of  a  region  peculiar 
in  its  density  and  in  the  abundance  of  its  metallic  contents,  although 
it  is  doubtless  often  used  with  this  implication.  The  word  bary- 
sphere, on  the  other  hand,  fixes  definitely  an  idea  which  has  long 
floated  vaguely  in  the  minds  of  many  writers  on  this  subject.  It 
will,  therefore,  form  the  central  point  of  my  criticism. 
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I. — IS    THERE    A    BARYSPHERE    WITHIN    REACH    OF    CIRCU- 
LATING Water  ? 

It  is  true,  that  the  earth  increases  in  density  from  the  surface  to- 
wards the  center,  and  probably  to  the  very  center  itself.  This  is 
shown  by  the  fact  that  the  mean  density  of  the  earth  is  more  than 
double  that  of  the  superficial  parts.  It  is  true,  also,  that  the  increas- 
ing density,  while  certainly  due,  in  part,  to  condensation  by  increas- 
ing pressure,  is  probably  also  due,  in  part,  to  difference  of  material, 
and  especially  to  the  presence  of  metals,  as  sulphides  or  native,  in 
greater  abundance  in  the  interior  parts.  It  is  true,  therefore,  that 
the  deeper  parts  of  the  earth  are  certainly  heavier,  and  probably  more 
metalliferous,  than  the  superficial  parts.  In  a  word,  it  is  true  that 
there  is  a  barysphere,  and  probably  in  the  sense  used  by  Posepny, 
as  being  more  metalliferous.  But  how  deep  must  we  go  to  find  this 
barysphere?     Let  us  see. 

Taking  the  density  of  the  superficial  parts  of  the  earth  (or  what 
Posepny  would  call  the  lithosphere)  at  2.5,  and  the  mean  density  of 
the  earth  as  a  whole  at  5.5  (Posepny  accepts  these  figures),  and  as- 
suming the  simplest  rate  of  increase,  viz.,  a  uniform  rate,  then  an 
actual  density  equal  to  the  mean  density  of  5.5  would  be  reached  at 
the  depth  of  1000  miles,  and  the  central  density  would  be  14.5* 
This  is  an  increase  of  3  in  1000  miles.  At  the  depth  of  100  miles, 
therefore,  the  increase  would  be  0.3  and  the  density  only  2.8.  Is 
it  at  all  probable  that  we  ever  have  circulating  water  coming  up  from 
any  such  depth  as  100  miles  ?  And  yet,  2.8  is  only  about  the  den- 
sity of  our  more  basic  eruptives,  and  therefore,  wholly  undeserving 
the  name  of  a  barysphere.  Circulating  water  may  possibly  come  up 
from  as  deep  as  10  miles,  but,  at  the  same  rate  of  increase,  the  den- 
sity there  is  only  2.53 — an  increase  over  the  superficial  density 
wholly  inappreciable.  Dr.  Raymond,  interpreting  Posepny,  defines 
the  barysphere  as  all  that  interior  region,  the  circulating  water  of 
which  would  not  come  up  at  all  without  the  aid  of  heat.  Does  this 
mean  all  but  the  superficial  region  traversed  by  the  vadose  or  oxi- 
dizing circulation  ?  If  so,  it  cannot  be  far  from  the  surface,  and 
the  term  barysphere,  as  applied  to  it,  is  surely  wholly  inappropriate 
and  misleading. 

But  it  may  be  answered  that  all  this  reasoning  is  based  on  the 

*  By  mathematical  calculation  based  on  the  above  conditions,  an  actual  density 
equal  to  the  mean  density  of  5.5  is  reached  at  depth  of  ^  radius  from  the  surface. 
Multiplying  this  gain  of  3  by  4  and  adding  the  surface  density  of  2.5  makes  a  cen- 
tral density  of  14.5  (3X4  +  2.5  =  14.5). 


THE   GENESIS   OF   ORE-DEPOSITS.  999 

assumption  of  a  uniform  rate  of  increase  of  interior  density ;  while 
in  fact  the  great  mean  density  of  the  earth  may  be  explained  by  the 
existence  of  a  highly  metalliferous  shell  at  no  great  distance  be- 
neath the  surface  and  therefore  within  easy  reach  of  circulating 
waters.     To  this  view  I  make  the  following  objections  : 

1.  All  our  general  reasonings  concerning  the  cause  of  the  great 
mean  density  of  the  earth,  whether  (a)  condensation  by  increasing 
pressure,  or  (6)  arrangement  of  materials  of  a  primal  fused  earth  ac- 
cording to  their  relative  specific  gravities,  would  make  the  increase 
progressive  to  the  center.  In  fact  it  is  hard  to  conceive  the  conditions 
under  which  a  dense  metalliferous  shell  a  little  way  beneath  the  sur- 
face could  be  formed.* 

2.  We  have  abundance  of  materials  coming  up  in  eruptions  from 
depths  as  great  as  circulating  water  is  ever  likely  to  reach,  and  yet 
these  materials  show  no  such  density  and  metal liferousness  as  is  im- 
plied in  the  term  barysphere. 

But  again,  it  may  be  objected  that  I  greatly  underestimate  the 
depth  which  may  be  reached  by  underground  water.  This  brings 
up  an  important  but  difficult  question.  Is  there  any  limit  to  the 
depth  to  which  meteoric  water  may  penetrate  ?  If  so,  what  deter- 
mines the  limit  and  where  is  it  ?  These  are  questions  which  science 
is  probably  not  yet  prepared  to  answer  definitely.  I  once  thought, 
that  since  the  pressure  of  a  water-column  increases  uniformly  with 
the  depth,  while  the  elastic  tension  of  steam  in  contact  with  water 
increases  with  increasing  heat  at  an  increasing  rate,  so  as  to  develop 
a  logarithmic  curve,  there  must  be  a  depth  at  which  the  tension  of 
steam  would  be  equal  to  the  downward  pressure  and  that  at  that 
depth  would  be  found  the  limit  of  underground  water ;  and  I  ex- 
pressed this  conclusion  in  my  Elements  of  Geology,  page  99.  Fur- 
ther reflection  has  convinced  me  that  the  conclusion  is  unwarranted. 
Such  a  limit  would  undoubtedly  be  reached  if  the  increase  of  ten- 
sion continued  to  follow  the  same  law  indefinitely.  But  it  is  now 
known  that  at  a  certain  temperature,  called  the  critical  point,  steam 
has  the  same  density  as  the  water  from  which  it  is  formed.  At  this 
point,  therefore,  it  may  be  regarded  as  either  steam  or  water  iudif- 

*  Of  the  two  causes  mentioned  above,  the  first  would  probably  produce  increase  at 
an  increasing  rate  and  put  the  place  of  density  equal  to  mean  density  deeper  than  I 
radius  down.  The  second  might  give  rise  to  any  kind  of  rate  according  to  the  rela- 
tive amount  of  the  different  kinds  of  metals ;  but  not  improbably  to  a  decreasing 
rate  and  put  the  place  of  mean  density  higher.  The  combination  of  these  two 
would  make  an  indeterminable  rate ;  but  something  like  a  uniform  rate  is  as  proba- 
ble as,  perhaps  more  probable,  than  any  other. 
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ferently,  and  under  the  slightest  change  of  temperature  it  takes  the 
one  form  or  the  other.  Beyond  this  point  it  is  no  longer  steam  in 
contact  with  water,  but  dry  steam,  which  we  know  follows  an  en- 
tirely different  law.  Now  the  critical  point  of  water  is  about  700° 
F.  and  the  tension  of  steam  at  this  point  is  about  200  atmospheres. 
Taking  the  increase  of  underground  temperature  at  1°  for  53  feet, 
or  100°  per  mile,  the  temperature  of  700°  would  be  found  at  the 
depth  of  seven  miles.  But  the  pressure  of  a  water-column  there 
would  be  about  1100  atmospheres.  The  tension  has  not  yet  even 
nearly  reached  the  pressure ;  and,  as  the  law  changes  here,  it  would 
seem  that  the  tension  would  never  overtake  the  hydrostatic  pressure 
at  all.  Therefore,  if  the  underground  water  is  limited  at  all  in  its 
downward  course,  as  is  probably  the  case,  it  must  be  limited  in  some 
other  way,  probably  by  increasing  compactness  of  material,  under 
the  increasing  pressure  of  superincumbent  rock,  which,  by  closing  up 
the  pores,  would  inhibit  further  penetration,  or  would  make  it  easier 
for  the  water  to  come  up  again  in  ascending  currents. 

I  think  we  may  reasonably  conclude,  therefore,  that  whether  there 
be  a  limit  to  underground  water  or  not,  it  is  certain  that  below  a 
certain  moderate  depth,  say  8  or  10  miles,  such  water  cannot  be 
circulating ;  for  beyond  this  the  compactness  of  rock  under  super- 
incumbent pressure  would  be  such,  that  while  capillarity  and  weight 
of  water-column  might  still  urge  further  movement,  passages  suf- 
ficiently open  to  allow  currents  of  circulation  could  not  exist. 

"We  may  assume,  then,  that  the  limit  of  circulating  water  cannot 
be  more  than  10  miles  in  depth.  Below  this,  water  may  indeed 
penetrate  by  capillarity  and  by  weight  of  its  own  column,  but  such 
water  does  not  enter  into  ordinary  circulation,  although  it  may  come 
up  in  volcanic  eruptions  and  indeed  supply  the  force  of  such  erup- 
tions. Still,  below  this  again,  aud  even  to  the  very  center,  there 
may  possibly  be  what  Fisher  calls  constituent  water,  i.e.,  original 
water  occluded  in  the  primal  fused  magma  of  the  earth,  still  pres- 
ent in  the  interior  and  coming  up  in  volcanoes  and  (according  to 
him)  the  cause  of  their  eruptions.  If  there  be  such,  it  is  not  cir- 
culating water  in  the  ordinary  sense,  and  therefore  may  be  left  out 
of  account  in  this  discussion. 

Underground  water  may  be  conceived,  therefore,  as  existing  in 
three  possible  conditions,  but  more  and  more  doubtfully  in  the  order 
named  : 

1.  Circulating  meteoric  water.  This  of  course  is  certain.  It 
probably  extends  but  a  few  miles  (8  or  10)  below  the  surface. 


THE   GENESIS   OF   ORE-DEPOSITS.  1001 

2.  Meteoric  water,  but  not  circulating.  The  existence  of  this  is 
probable.  I  have  been  accustomed  to  call  it  "  volcanic"  water,  because 
it  is  a  probable  source  of  the  eruptive  force  of  volcanoes. 

3.  Constituent  water,  originally  occluded  in  the  primal  magma  of 
the  incandescent  fused  earth,  and  still  occluded  in  the  materials  of 
the  interior.  This,  Fisher  thinks,  is  still  escaping,  and  in  doing  so, 
fuses  its  way  towards  the  surface,  and  finally  emerges  in  volcanic 
eruptions.     This,  of  course,  is  very  doubtful. 

Of  these  three,  if  they  all  exist,  we  are  concerned,  I  believe,  with 
the  first  only. 

We  have  assumed  10  miles  as  the  limit  of  circulating  water,  and 
therefore  the  limit  of  depth  from  which  metals  may  be  derived. 
But  at  that  depth,  as  already  shown,  there  is  no  "barysphere"  in 
any  intelligible  sense  of  that  word.  For  the  difference  in  density 
and  in  metalliferousness  between  the  rocks  there  and  those  at  the 
surface  is  quite  inappreciable.  We  have,  in  fact,  much  material 
coming  up  from  this  very  region,  and  therefore  know  its  density. 
Our  more  basic  rocks  are  indeed  far  denser  and  more  metalliferous 
than  the  average  of  that  region,  having  acquired  greater  density  by 
differentiation  from  an  average  magma  representing  that  region. 

I  believe,  therefore,  that  the  greater  abundance  of  metallic  ores  in 
solution  in  ascending  waters  is  the  result,  not  of  the  greater  abund- 
ance of  metals  in  their  lower  courses,  but  of  the  greater  heat  which 
they  take  up  in  that  part  of  their  course  and  the  greater  pressure  to 
which  they  have  been  subjected  there.  Both  heat  and  pressure 
greatly  increase  the  solvent  power  of  water  upon  the  feebly  soluble 
metallic  sulphides.  Thus  heavily  freighted,  the  waters  lose,  in 
ascending,  both  heat  and  pressure,  and  therefore  deposit  abundantly 
in  their  upward  course.  In  a  word,  ascending  waters  are  rich  in 
metallic  contents,  not  because  they  have  traversed  a  barysphere,  but 
because  they  have  traversed  a  thermosphere.  With  equal  heat  and 
pressure,  I  am  convinced,  they  would  get  as  much  metal  from  our 
more  basic  rocks  here  at  the  surface  as  they  now  do  from  the  hypo- 
thetical barysphere.  These  ascending  waters  are  non-oxidizing,  not 
because  they  have  never  seen  the  air,  i.e.,  are  not  meteoric,  but  be- 
cause they  have  exhausted  their  oxidizing  power  by  previous  oxida- 
tion of  metals,  of  organic  matters,  and  other  oxidable  substances  in 
the  upper  parts  of  their  downward  course. 

II. — Vadose  vs.  Deep  Circulation. 
Again,  I  think,  Posepny  draws  much  too  sharp  a  distinction  be- 
tween his  two  kinds  of  circulation ;  not  indeed  as  to  their  oxidizing 
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and  non-oxidizing  properties,  but  as  to  the  force  of  circulation  in 
the  two  cases  respectively.  In  his  anxiety  to  distinguish  them 
sharply,  he  speaks  as  if  the  forces  of  circulation  in  the  two  cases 
were  entirely  different,  being  gravity  or  hydrostatic  pressure  in  the 
one  case  and  heat  and  capillarity  in  the  other.  Now  nothing  can 
be  more  certain  than  that  hydrostatic  pressure  is  the  fundamental 
cause  in  both  cases  alike ;  although  heat,  by  lightening  the  ascend- 
ing column  and  thus  disturbing  the  hydrostatic  equilibrium,  is  the 
immediately  determining  cause  in  the  latter.  As  Mr.  Rickard,  in  the 
discussion,  has  justly  pointed  out,  the  effect  of  heat  in  the  under- 
ground circulation  is  exactly  like  its  effect  in  determining  circulation 
in  a  system  of  house-warming  pipes. 

Again,  Posepny  lays  much  stress  on  capillarity  as  an  additional 
force  urging  forward  the  circulation.  But  surely  this  cannot  be  so. 
Capillarity  is  indeed  a  powerful  force,  urging  water  to  where  there 
is  none,  but  an  equally  powerful  force  fixing  it  where  it  is.  So  far 
from  assisting,  it  powerfully  impedes  circulation,  and,  where  it  is 
strong  enough,  inhibits  it  altogether.  Dry  clay  is  a  powerful  ab- 
sorber of  water,  but,  when  once  wet,  it  becomes  impermeable  to  cir- 
culation. 

In  fact,  Posepny  sometimes  speaks  of  the  deep  barysphere  circu- 
lation, as  contrasted  with  the  vadose  circulation,  in  such  terms  that 
one  is  left  in  serious  doubt  whether  he  regards  the  former  as  meteoric 
water  at  all ;  and  yet  he  speaks  of  it  as  circulating.  Sometimes  it 
seems  as  if  he  regarded  his  vadose  water  alone  as  meteoric  and  his 
barysphere  water  as  some  other  kind  of  water  coming  up  from  the 
deep  interior  of  the  earth,  like,  for  example,  the  constituent  water 
of  Fisher.  Such  water,  if  there  be  any  such,  might  indeed  be  con- 
ceived as  coming  up  from  a  metalliferous  barysphere,  such  as  he 
supposes.  But  this  would  be  escaping  water,  not  circulating  water. 
If  he  means  anything  like  this,  it  ought  to  be  distinctly  stated,  for 
it  changes  entirely  the  ground  of  the  discussion,  and  much  that  I 
have  said  above  would  be  wide  of  the  mark.  For  my  own  part, 
unless  we  adopt  Fisher's  view,  I  believe  that  we  never  have  any 
water  coming  up  which  has  not  previously  gone  down.  This  is 
what  is  meant  by  circulation,  but  I  cannot  think  Posepny  can  mean 
that  his  deep  circulating  water  is  not  meteoric;  and  I  therefore  say 
nothing  more  on  this  head. 

III. — Leaching  of  Wall-Rock. 
Again,  although  I  fully  agree  with  Posepny  and  his  brilliant  ex- 
positor, Dr.  Raymond,  that  crustification,  when  it  is  well  developed, 
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indicates  deposit  from  within,  by  ascending  waters  already  occupy- 
ing the  fissure,  and  not  by  laterally  incoming  water  depositing  in 
the  act  of  incoming  (in  the  manner  of  seepage-water  in  empty  cavi- 
ties), yet  I  cannot  agree  with  them  in  thinking  that  the  pressure  of 
such  ascending  water  would  necessarily  or  even  usually  prevent  the 
incoming  of  lateral  currents  from  the  wall-rock.  It  is  doubtless 
true  that  the  ascending  water  in  the  fissure  is  under  higher  pressure 
than  precisely  similar  water  on  the  outside ;  for,  in  addition  to  the 
hydrostatic  pressure  determined  by  the  height  of  the  outlet,  it  is 
also  under  hydraulic  pressure  in  proportion  to  the  velocity  of  the 
upward  current.  But  the  water  saturating  the  wall-rock  is  also,  of 
course,  under  heavy  hydrostatic  pressure.  And  when  we  remember 
the  slowness  of  the  ascending  current  (which  is  a  necessary  condition 
for  deposit),  and  therefore  the  slight  excess  of  the  pressure  over  that 
measured  by  the  height  of  its  outlet ;  and  when  we  remember  fur- 
ther that  the  ascending  water  is  hot  while  the  wall-water  is  cooler, 
and  therefore  denser,  we  may  well  doubt  whether  the  pressure  of 
the  ascending  or  the  lateral  waters  will  be  the  greater,  and  therefore 
whether  the  current  will  set  outward  or  inward.  The  pressure  of 
the  ascending  water  is  greater  by  virtue  of  its  motion,  but  that  of 
the  wall-rock  is  greater  by  virtue  of  its  greater  density.  It  seems 
not  unreasonable,  therefore,  to  conclude  that  sometimes  and  in  some 
places  the  current  would  set  outward,  and  sometimes  and  in  some 
places  it  would  set  inward.  In  many  places,  doubtless,  the  wall-rock  is 
not  saturated.  In  such  places,  of  course,  the  current  would  set  out- 
ward by  capillarity,  as  well  as  by  pressure,  until  saturation  is  reached. 
Of  course,  also,  impediments  to  upward  flow,  brought  about  by  fill- 
ing of  the  fissure  by  deposit  or  otherwise,  would  increase  the  inte- 
rior pressure,  and  would  cause  an  upward  ramification  and  outflow 
in  many  places  at  the  surface. 

Although  the  analogy  is  by  no  means  perfect,  yet,  by  way  of  illus- 
tration, the  ascending  fissure-current,  with  its  freight  of  dissolved 
matters  and  its  tributary  drainage  from  the  country-walls,  may  be 
roughly  compared  to  a  main  river  with  its  freight  of  suspended 
materials  and  its  lateral  tributaries.  In  such  a  stream,  the  tributa- 
ries usually  discharge  freely  into  the  main  river,  increasing  its  vol- 
ume, though  perhaps  diminishing  its  percentage  of  freight;  but 
sometimes,  by  the  greater  pressure  of  flood- waters,  the  main  stream 
may  back  up  the  tributaries  until  equilibrium  is  restored.  So  in 
the  case  before  us,  the  main  ascending  fissure-stream,  with  its  freight 
of  dissolved  matters,  usually  receives  tributaries  from  the  wall-rock, 
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although,  by  defect  of  pressure  of  the  latter  or  increased  pressure  of 
the  former,  the  main  current  may  overflow  into  the  wall-rock. 
Again,  in  both  cases,  the  percentage  of  freight  is  usually  greatest  in 
the  main  stream,  and  therefore  the  deposits  by  diminished  velocity 
and  carrying  power  in  the  one  case  and  by  diminished  heat  and 
pressure  and  solvent  power  in  the  other,  are  heaviest  there,  although, 
sometimes,  heavy  deposits  occur  also  in  the  back  waters.  Again,  in 
both  cases,  while  the  tributaries  increase  the  volume  of  the  current, 
they  usually  diminish  the  percentage  of  freight,  although  sometimes 
the  reverse  may  be  the  fact.  Finally,  as  rivers,  when  obstructed  by 
their  own  deposits,  may  reach  their  final  destination  by  inverse  rami- 
fication and  through  many  mouths ;  so  ascending  fissure-currents, 
obstructed  by  their  own  deposits,  may  branch  upward  and  reach  the 
surface  by  many  exits.  This,  however,  can  be  seen  only  in  ascend- 
ing currents  still  depositing,  as  in  the  cases  of  Sulphur  Bank  and 
Steamboat  Springs.  In  most  cases  this  part  of  their  course  has  been 
carried  away  by  erosion. 

In  a  word,  there  seems  no  reasonable  doubt  that  while  usually  the 
main  deposits  have  been  brought  up  from  below,  yet  the  tributaries 
from  the  country-wall  do  contribute,  and  sometimes  in  an  impor- 
tant degree,  to  the  metallic  contents  of  the  veins.  This  seems  well- 
nigh  proved  in  those  cases  given  by  Sandberger  and  Becker,  in  which 
analyses,  especially  selective  analyses,  find  notable  quantities  of  the 
required  metals  in  the  more  basic  minerals  of  the  country  wall-rock. 
To  discredit  the  obvious  inferences  from  the  results  of  a  method  so 
much  in  accord  with  modern  science  and  substitute  a  roundabout 
process  of  secondary  leachings  by  vadose  circulation  of  primary  im- 
pregnations derived  from  a  hypothetical  barysphere,  as  Posepny 
does,  must  be  regarded  as  a  return  to  the  speculative  methods  of 
early  writers.  Again,  in  cases  like  the  lead-ores  of  Missouri  and 
Wisconsin,  where  there  is  no  evidence  of  disturbance  or  of  igneous 
agency  of  any  kind,  is  it  not  more  rational  to  derive  the  metals  from 
the  wall-rock,  though  probably  from  its  deeper  parts,  than  from  an 
unknown  barysphere? 

IV. — A  More  Comprehensive  Theory  Needed. 

In  conclusion,  I  cannot  but  think  that  the  views  brought  forward 
in  1883  in  my  paper  on  the  "Genesis  of  Metalliferous  Veins"  (Am. 
Jour,  of  ScL,  vol.  xxvi.,  p.  1,  1883),  although  I  would  perhaps  now 
modify  them  slightly  on  some  points,  still  represent  well  the  present 
condition  of  science  on  this  subject.     Those  who  have  read  that 
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paper  will  remember  that  it  is  an  attempt  based  partly  on  my  own 
investigations  of  the  phenomena  of  metalliferous  vein-formation  now 
going  on  at  Sulphur  Bank  and  at  Steamboat  Springs,  and  partly  on 
a  general  survey  of  the  whole  field,  to  embody  a  comprehensive  and 
rational  theory,  avoiding  extremes  on  both  hands.  In  it  I  devoted 
considerable  space  to  combating  the  extreme  lateral-secretion  views  of 
Sandberger.  I  did  so  because,  on  account  of  the  recent  appearance 
and  signal  ability  of  his  treatise,  it  seemed  likely  to  do  harm  by 
carrying  scientific  opinion  too  far  in  one  direction.  If  it  had  been 
Posepny's  treatise  instead  of  Sandberger's,  I  should  have  felt  equally 
compelled  to  combat  it,  and  on  the  same  ground.  Posepny  quotes 
freely  from  my  papers  on  "  Sulphur  Bank  "  and  on  "  Steamboat 
Springs,"  but  not  from  that  on  "  Genesis  of  Metalliferous  Veins." 
Whether  he  has  seen  it,  I  do  not  know. 

There  has  always  been,  and  still  is,  a  strong  tendency  to  extreme 
views  on  this  subject.  On  the  one  hand,  ascensionists  would  derive 
all  metals  from  a  mysterious  metalliferous  region — a  "  barysphere," 
and  so  strong  is  their  advocacy  that  even  when  analysis  finds  the 
required  metals  in  notable  quantities  in  the  wall-rock,  they  discredit 
the  obvious  inference  by  suggesting  a  secondary  leaching  of  mate- 
rials deposited  there  by  primary  baryspheric  currents.  On  the  other 
hand,  the  lateral-secretionists  would  derive  metals  not  from  ascend- 
ing currents  at  all,  but  wholly  from  direct  secretion  from  the  imme- 
diate bounding- walls;  and  so  strong  is  their  advocacy  that  even 
when  the  deposit  of  metals  from  hot  ascending  currents  is  proved 
by  direct  observation,  as  at  Sulphur  Bank  and  at  Steamboat  Springs, 
they  seek  to  throw  discredit  on  the  obvious  inference  in  regard  to 
all  metalliferous  veins,  by  giving  many  cases  in  which  hot  springs 
do  not  deposit  any  metals.  My  paper  was  an  earnest  attempt  to 
combine  what  is  true  in  each,  and  thus  to  reconcile  these  extremes 
by  a  more  comprehensive  view,  which  explains  their  differences. 

According  to  my  view,  the  source  of  metals  is,  indeed,  on  the  one 
hand,  by  leaching,  but  not  by  lateral  secretion ;  on  the  other  hand, 
not  from  a  hypothetical  barysphere,  but  from  the  wall-rock  ;  though, 
again,  not  from  all  parts  alike,  but  mainly  from  the  deepest  parts, 
and  even  from  below  the  deepest  parts,  of  sensible  fissures.  As  in 
the  case  of  many  other  disputes,  I  believe  both  sides  are  right  and 
both  are  wrong.  Ascensionists  are  right  in  deriving  metals  mainly 
by  ascending  currents  from  great  depths,  but  wrong  in  imagining 
these  depths  to  be  an  exceptionally  metalliferous  barysphere.  They 
are  wrong  also  in  not  allowing  subordinate  contributions  by  lateral 
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currents  from  the  wall-rock  higher  up.  The  lateral-secretionists,  on 
the  other  hand,  are  right  in  deriving  metals  by  leaching  from  the  wall- 
rock,  but  wrong  in  not  making  the  main  source  the  thermosphere. 

In  the  uncolored  light  of  a  more  comprehensive  view,  many  of 
the  difficulties  and  obscurities  of  the  subject  disappear. 

1.  Ore-deposits,  using  the  term  in  its  widest  sense,  may  take  place 
from  many  kinds  of  waters,  but  especially  from  alkaline  solutions; 
for  these  are  the  natural  solvents  of  metallic  sulphides,  and  metallic 
sulphides  are  usually  the  original  form  of  such  deposits. 

2.  They  may  take  place  from  waters  at  any  temperature  and 
pressure,  but  mainly  from  those  at  high  temperature  and  under 
heavy  pressure,  because,  on  account  of  their  great  solvent  power, 
such  waters  are  heavily  freighted  with  metals. 

3.  The  depositing  waters  may  be  moving  in  any  direction — up- 
coming, horizontally  moving  or  even  sometimes  down-going,  but 
mainly  up-coming,  because  by  losing  heat  and  pressure  at  every 
step,  such  waters  are  sure  to  deposit  abundantly. 

4.  Deposits  may  take  place  in  any  kind  of  water-ways — in  open 
fissures,  in  incipient  fissures,  joints,  cracks  and  even  in  porous  sand- 
stone, but  especially  in  great  open  fissures,  because  these  are  the 
main  highways  of  ascending  waters  from  the  greatest  depths. 

5.  Deposits  may  be  found  in  many  regions  and  in  many  kinds  of 
rocks,  but  mainly  in  mountain-regions  and  in  metamorphic  and 
igneous  rocks,  because  the  thermosphere  is  nearer  the  surface,  and 
ready  access  thereto  through  great  fissures  is  found  mostly  in  these 
regions  and  in  these  rocks. 
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Errata. 

On  page  76,  in  the  engraving  of  coal-sections  in  Wise  County,  Va.,  the  totals  under 
Section  21  given  as  "  Seam,  8  ft.,  Coal,  7  feet  11  in.,"  should  be  Seam,  7  ft.  11  in.,  Coal 
7  ft.  8  in. 

On  page  582,  line  5  from  the  top,  "  Kenning  Company  "  should  be  Rolling  Company. 

On  page  897,  in  the  third  paragraph  from  the  bottom  (marked  "1"),  the  words 
"dolomite"  and  "limestone"  should  be  transposed,  the  percentage  of  sulphur  "being 
0.125  in  the  limestone,  and  0.0645  in  the  dolomite. 
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Coal-Measures:  of  George's  creek  region,  Maryland,  21;  in  Missouri  mining  dis- 
trict, 641. 

Coal-mines:  Kansas:  Leavenworth  county;  Home,  25;  Riverside,  25;  Maryland: 
Allegany  county ;  Ocean  No.  3, 21 ;  Pittsburgh,  21 ;  Texas  :  Erath  county  ;  Thur- 
ber  [863];  Virginia :  Chesterfield  county;  Clover  Hill,  398;  Midlothian,  398  et 
seq.;  Tazewell  county;  Pocahontas,. 912;  West  Virginia:  Tucker  county;  Davis, 
356  et  seq. ;  Thomas,  356  et  seq.  ;  Nova  Scotia :  Pictou  county  ;  Albion,  912. 

Coal-Sections  Developed  by  Recent  Operations  in  Wise  County,  Virginia  (Bache)  [xx],  70. 

Coke :  analysis  of,  from  Coketon,  West  Va.,  363 ;  determination  of  phosphorus  in,  66  ; 
total  shipments  from  West  Virginia  coal-fields  from  1887  to  1894,  363. 

Coke-making  in  Upper  Potomac  region,  361. 

Colorado,  New  Castle  coal,  inflammable  character  of,  901. 

Columbian  Exposition  :  amount  subscribed  by  members  of  the  Institute  towards  the 
maintenance  of  General  Headquarters  in  Chicago,  xxiv. ;  members  of  special  In- 
stitute Committee,  xxiii ;  report  of  Executive  Committee  of  Engineering  Socie- 
ties, xxv. ;  special  circular  to  members  of  the  Institute,  xxiii. 

Columbia  silver-mine,  Lake  Valley,  New  Mexico,  148  et  seq. 

Commercial  assay,  inaccuracy  of,  for  silver,  530  et  seq. 

Comstock  Lode,  Storey  county,  Nev.,  ore-deposition  of,  968  et  seq. 

Concentratiug-works  (see  also  chlorination-works,  stamp-mills,  etc.) :  Sweden :  pro- 

o 
vince  of  Dalarne;  Saxberg,  496;  province  of  Nerike;  Ammeberg  and  Johau- 

nesborg,  488 ;  province  of  Westmanland  ;  Hellefors,  498 ;  Sala,  494. 
Concentration  in  Sweden,  486. 
Conlogue  lead-mine,  Miller  county,  Mo.,  667  [674]. 
Connecticut  Work  and  Workmen  (Address  of  welcome  at  Bridgeport)  (Porters  [xxxv], 

609. 
Consolidation  Coal  Company,  Md.,  coal-mines  of,  21. 
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Convenient  Still  for  the  Laboratory  (Wait)  [xx],  107. 

Cooke,  A.  B.,  address  of  welcome  at  Norfolk,  February,  1894,  xvii. 

Cooper  irou-inine,  Eingwood,  N.  J.  [512,  516]. 

Copper-belt  of  Butte,  Mout.,  topography  and  mineral  character  of,  554. 

Copper-material :  gold  and  silver  bearing,  plan  of  co-operative  action  to  arrive  at  a 
uniform  method  for  assay  of,  581;  uniform  method  for  assay  of,  for  gold  and 
silver.  575. 

Copper-mines:  Connecticut:  Hartford  county;  Simsburg  (ancient),  613;  Montana: 
Silver  Bow  county;  St.  Lawrence  [544];  North  Carolina:  Ashe  county;  Ore 
Knob,  885;  Sweden:  Falun  [488]. 

Corn  Stalk  diggings,  Vallelead-  and  zinc-mines,  Jefferson  county,  Mo.,  665. 

Correlations  in  the  Coal-Rocks  west  of  Pocahontas,  Flat  Top,  Virginia  (Boyd)  [xviii],  254. 

Cost:  of  manufacturing  pig-iron  in  Texas  and  other  southern  States,  285,863;  of 
milling  gold  at  North  Star  stamp-mill.  Grass  Valley,  Cal.,  219. 

Council,  report  of,  for  year  ending  February  1,  1894,  xx. 

Cb  \mer,  E.,  and  Seger,  Prof.  H.,  remarks  (communicated  to  the  President)  in  dis- 
cussion of  the  paper  of  Messrs.  Hofmau  and  Demoud  ou  the  refractoriness  of  fire- 
clay.^. 8  \'k 

Croton  magnetic  iron-mines,  Putnam  couuty,  N.  Y.  [631]. 

Crucible-assay,  losses  of  gold  and  silver  in,  741. 

Crushing-machinery,  756. 

"  Crustification,"  969  et  seq. 

Crystallization  of  iron  by  vibration,  discussion  of  theory  of,  809. 

Culm-banks,  reworking  of  anthracite,  364. 

Cumberland-George's  creek  coal-district,  Maryland  [351]. 

Dana,  Prof.  J.  D. :  ou  rock  material  of  volcano  of  Kilauea,  933  ;  on  the  term  "  intru- 
sive," 941. 

D.^rton.  N.  H. :  Artesian  Well  Prospects  in  Eastern  Virginia,  Maryland  and  Delaware 
[xviii],  372. 

Daubree,  Prof. :  on  character  of  torsion-fractures,  133  ;  on  formation  of  stride,  944. 

Davis  coal  mine,  Coketon,  West  Va.,  356  et  seq. 

Davis,  Frederick  H.,  remarks  in  discussion  of  Mr.  Leggett's  paper  on  the  trans- 
mission of  power  by  electricity,  853. 

Dawson,  Sir  J.  W.,  on  geological  periods,  936. 

Dawson,  W.  Bell,  remarks  in  discussion  of  physics  of  steel,  763. 

Day,  David  T. :  remarks  in  discussion  of  Mr.  Glenn's  paper  on  mine-explosions 
generated  by  grahamite-dust,  908;  address  of  welcome  at  Virginia  Beach,  Feb- 
ruary, 1894,  xvii. 

Deaths  of  members  and  associates,  xxv. 

Delaware,  artesian  well  prospects  in,  372. 

Demoxd,  C.  D.,  and  Hofman,  H.  O. :  Some  Experiments  for  Determining  the  Refractori- 
ness of  Fire-Clays  [xviii],  42 ;  discussion,  846. 

Descubridora  silver-mine,  Cerro  de  Pasco  district,  Peru  [107]. 

Determination  of  Phosphorus  in  Coal  and  Colce  (Lychenheim)  [xix],  66:  discussion,  862. 

Devonian  formation  sparsely  represented  in  Missouri  mining  districts,  640. 

Dewey,  C.  E.,  remarks  in  discussion  of  Mr.  Douglas's  paper  on  American  improve- 
ments in  ore-crushing,  etc.,  756. 

Dickerson  iron-mine,  Morris  county,  N.  J.  [506]. 

Dikes  and  Reefs  of  Bendigo  (continued  discussion  of  Mr.  Eickard's  paper  on  gold-bear- 
ing quartz  of  Bendigo  reefs,  vol.  xxii,  289,  738)  [xix],  933. 

Discovery  of  mines  in  New  York  State,  731. 

Dismal  Swamp,  excursiou  to,  xxxii. 

Dodge  jaw-crusher,  756. 

Doe  Eun  lead-miues,  St.  Francois  county,  Mo.  [643]. 
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Does  the  Vibration  of  Stamp-Stems  Change  their  Molecular  Structure?  (Discussion  at 
Bridgeport)  [xxxvi],  S09. 

Dolomite:  analyses  of,  499,  891;  associated  with  ore-deposits  of  Missouri,  647. 

Douglas,  James,  ou  the  Dodge  ore-crusher  [756]. 

Dukfee,  W.  F. :  remarks  in  discussiou  of  Mr,  Glenn's  paper  on  mine-explosions  gen- 
erated by  grahamite-dust,  911 ;  in  discussion  of  the  effect  of  vibration  upon  the 
molecular  structure  of  iron,  830. 

Eagle  zinc-mines,  Jopliu  camp,  Mo.,  652. 

Early  Days  of  the  Iron  Manufacture  (Presidential  address  at  Bridgeport  (Feitz) 
[xxxv],  594;  remarks  on,  877. 

Edgar  Thomson  blast-furnace,  Pittsburgh,  Pa.,  record  of  run,  758. 

Elections  of:  members  and  associates;  at  Bridgeport,  October,  1894,  xxxix:  by  mail, 
May,  1894,  xxxviii ;  at  Virginia  Beach,  February,  1894,  xxxi  ;  officers  of  the  In- 
stitute, February,  1894,  xix. 

Electrical  conductivity  of  copper  affected  by  aluminum,  525. 

Electrical  power-house  of  Standard  Consolidated  Mining  Company,  Bodie.  Cal.,  322. 

Electrical  power-transmission  :  in  California,  315  et  seq. ;  in  Colorado,  317;  in  Italy. 
316. 

Electricity:  generation  of,  by  water-power,  .320:  twelve  mile  transmission  of  power, 
315. 

Elk  Garden  coal-district,  357. 

Elk  Garden  and  Upper  Potomac  Coal-Fields  of  West  Virginia  (Weeks)  [xx],  351. 

Emilie  Zinc  Company's  zinc-mines,  Jopliu  camp,  Mo.  [652]. 

Emmons,  S.  F.,  on  Sudbury,  Can.,  nickel  deposits  [755]. 

Empire  gold-mine,  Grass  Valley,  Cal.  [208]. 

Empire  Zinc  Company's  zinc-mines,  Joplin  camp,  Mo.  [652]. 

Emporia  Incline  silver-mine,  Lake  Valley,  New  Mexico,  148  et  seq. 

Equal  settling  particles,  law  of,  410. 

Eruptive  formations  of  Lake  Valley  silver-mining  district,  New  Mexico,  142. 

Eruptive  rDcks,  relation  of  thermal  springs  to,  952. 

Esperanza  amalgamation-works,  Cerro  de  Pasco  district,  Peru,  112,  116. 

Eureka-Idaho  gold-mine,  Grass  Valley,  Cal.  [208]. 

Excursions  and  entertaiumeuts,  xxxii,  xl. 

Explosions:  in  Chicago  Sugar  Refinery,  916  ;  in  confectionery  establishment,  Barclay 
Street,  New  York  City,  912;  at  Haswell  collieries,  England,  207;  in  mines,  gen- 
erated by  grahamite-dust,  195;  in  Washburn  flour-mill,  Minneapolis,  911. 

Fairbairn  on  effect  of  vibration  on  iron,  811. 

Falun  copper-mine  and  lixiviation-works,  Sweden,  488. 

Farraday,  Prof.,  on  explosion  at  Haswell  collieries,  207. 

Faults:  in  Missouri  mining  districts,  642;  in  southern  Appalachian  bauxite  region, 
246. 

Financial  statement  of  the  Secretary  and  Treasurer,  for  year  ending  February  1,  1S94, 
xxi. 

Finspong  gun -works,  Sweden,  casting  armor-plates  at,  314. 

Fire-assay,  losses  of  gold  and  silver  in,  735. 

Fire-clays:  analyses  of,  45  et  seq.;  brick-clay  from  Cambridge,  Mass.,  experiments 
with,  64;  experiments  for  determining  the  refractoriness  of,  42;  experimental 
method  for  determining  fusibility  of,  48;  furnace  for  testing,  52  ;  kaolin  from 
Blanford,  Mass.,  experiments  with,  63;  kaolin  from  Zettlitz,  Bohemia,  fusibility 
of,  43;  melting-point  of  Seger  cones,  42  et  seq.  ;  from  Mount  Savage.  Md.,  experi- 
ments with,  60;  name  and  source  of  Bischofs  standard,  45,  46;  Seger-Cram.r. 
method  of  testing,  49;  standard  of  measurements  in  testing,  54;  theoretical 
method  for  determining  fusibility  of,  42. 
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Fire-Damp  Commission,  extract  from  report  of  Royal  Prussian,  902. 

FlRMSTONE,    Frank:    Magnesia  and  Sulphur  in  Blast- Furnace   Cinder  [xxxvii],  49S 
discussion,  8S9 ;  Mr.  Firmstone  in  discussion  of  his  paper,  892. 

Fissures,  debated  origin  of,  944. 

Flat  Top  coal-field,  Va,,  254  et  seq.  [355]. 

Fontaine,  Prof.,  on  grahamite-dust,  206. 

Fort  Monroe,  Va..  boring  for  artesian  wells  at,  380;  visit  to,  xxxii. 

Franhlinite  Deposits  of  Mine  Hill,  Sussex  County,  New  Jersey  (Nason)  [xix],  121. 

Franklinite  deposits  of  Sussex  County.  N.  J.,  121,  521. 

Freeport,  Upper  (Thomas),  coal-bed,  356  et  seq. 

Fkitz,  John:  Early  Days  of  the  Iron  Manufacture  (Presidential  address  at  Bridgeport) 
[xxxv],  594  ;  remarks  on,  877. 

Fuel:  gas,  4;  for  use  in  Texas  blast-furnaces,  286,  863;  taquia  (dried  llama-dung)  used 
in  Peruvian  smelting  furnaces,  119. 

Fueman,  H.  Van  F. :  Losses  of  Gold  and  Silver  in  the  Fire- Assay  [xxxvi],  735;  re- 
marks in  discussion  of  Dr.  Ledoux's  paper  on  a  uniform  method  for  the  assay  of 
copper-material,  874  ;  of  Mr.  Stetefeldt's  paper  on  the  inaccuracy  of  the  commer- 
cial silver-assay,  871. 

Furnaces  (see  also  blast-furnaces);  Bruckner,  13;  Gerstenhofer  [9];  Hasenelever 
[9] ;  Howell  [3] ;  steel-melting,  in  Swedish  works,  296 ;  Stetefeldt,  3,  573 ;  for 
testing  fire-clays,  52. 

Further  Experiments  on  Amorphous  Gold  (Louis)  [xxxvi],  705. 

Fusibility  of  fire-clays,  42  et  seq. 

Gap  nickel-mine,  Lancaster  county,  Pa.,  622,  883. 

Garatee  lead-  and  zinc-mine,  Jefferson  coauty.  Mo.,  664. 

Gas  fuel,  4. 

Gas-producers:  for  coal-gas  in  Sweden,  296  et  seq.;  Lundeu's,  289,  293;  Taylor,  573: 
804:  for  wood-gas  in  Sweden,  292  et  seq. 

Gayley,  James,  remarks  in  discussion  of  Mr.  Potter's  paper  on  American  blast-fur- 
nace practice,  758. 

Geikie  on  geological  character  of  granite,  941. 

General  Electric  Company,  transmission  of  electrical  power  by,  317,  et  seq. 

Genesis  of  Ore-Deposits  (continued  discussion  of  Prof.  Posepny's  paper,  vol.  xxiii,  197, 
587),  [xix,  xxxvi],  942. 

Geological  Distribution  of  the  Useful  Metals  in  the  United  States  (continued  discussion  of 
Mr.  Emmons's  paper,  vol.  xxii,  53,  732),  [xix],  755. 

Geological  Relations  of  the  Southern  Appalachian  Bauxite  Deposits  (Hayes)  [xviii],  243 
(see  discussion,  "  Bauxite,"  855). 

Geological  Structure  of  the  Ringwood  Iron  Mines,  New  Jersey  (Nasox)  [xxxvi],  505. 

Geology  of:  Lake  Valley  silver-mines,  New  Mexico,  139;  lead  and  zinc  region  of 
Missouri,  639;  middle  Atlantic  coastal  plain,  374;  ore-deposits,  Chalauches  silver- 
mines,  France,  695;  Ringwood  iron-mines,  505 ;  southern  Appalachian  bauxite- 
deposits,  245;  Tennessee  phosphate  district,  588;  Texas  iron-ore  region,  262;  zinc- 
regions  of  southwestern  New  Mexico,  188. 

George's  creek  coal -region,  Allegheny  county,  Md.,  21,  351. 

George  Hotel,  Black  Rock,  Bridgeport,  Conn.,  "shore  dinner  "  at,  xli. 

Gerstenhofer  furnace  [9]. 

Geymard  on  the  Chalanches  silver-mines,  France,  693. 

Gilpin,  Mr.,  on  explosions  at  Albion  coal-mine,  N.  S.,  912. 

Glenn,  William:  Mine- Explosions  Generated  by  Grahamite-Dust  [xix],  195;  discussion, 
898. 

Gobar  and  Tomlinsou  zinc-mine,  Joplin,  Mo.,  655. 

Godshall,  L.  D. :  on  chlorinatiou  of  silver  in  heap-roasting,  15;  on  the  Stetefeldt 
furnace,  9  et  seq. 

Goetz,  G.  W.,  on  gas-producers,  804. 
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Gold:  allotropism  of,  182;  alloys  of,  with  other  metals,  706;  effect  of  heat  on  amor- 
phous, 70S;  experiments  on  amorphous,  705;  loss  in  the  fire-assay,  735;  refining 
of  sulphides  precipitated  from  chlorine  solution,  100;  in  silver-ores,  533,543; 
specific  gravity  of,  183;  specific  gravity  of,  in  alloys,  705;  uniform  method  of 
assay  of  copper-material  for,  576  ;  Witwatersrand,  South  Africa,  deposits,  186. 

Gold-bearing  slates,  certain  magnetic  phenomena  in,  40. 

Golden  Reward  chlorination-works,  Deadwood,  So.  Dak.,  100. 

Gold-fields  :  Australia  :  Victoria ;  Bendigo,  933 ;  New  Zealand :  Hauraki  or  Thames, 
952 ;  Otago,  955. 

Gold  King  gold-mine,  Boulder  county,  Colo.  [317]. 

Gold-Milling  at  the  North  Star  Mine,  Grass  Valley,  Nevada  County,  Cal.  (Abadie)  [xx], 
208. 

Gold-mines:  California:  Eldorado  county;  Shaw,  885;  Nevada  county;  Empire 
[208];  Eureka-Idaho  [208];  North  Star,  208;  Colorado:  Boulder  county;  Gold 
King  [317];  Australia:  Victoria;  Great  Extended  Hustlers,  946;  France:  De- 
partment of  Isere;  La  Gardette  [690,  695]  ;  New  Zealand :  Thames  district;  Cale- 
donia, 952;  Moauataeri,  952. 

Gold- and  silver-mines  (see  also  silver-mines):  Arizona:  Yavapai  county;  Hillside, 
945. 

Gover  stamp-mill,  Amador,  Cal.,  808. 

Grahamite-dust  a  cause  of  explosions  in  mines,  195. 

Grahamite-mines,  Ritchie  county,  West  Va.,  195. 

Graham,  John,  Jr.,  address  of  welcome  at  Norfolk,  February,  1894,  xxvii. 

Grande  workings  at  Lake  Valley  silver-mines,  New  Mexico,  138  et  seq.,  150. 

Grant  of  mines  by  New  York  law,  732. 

Great  Extended  Hustler's  gold-mine,  Bendigo,  Australia,  character  of  quartz  at, 
946. 

Greenwood  on  effect  of  vibration  on  iron,  811. 

Hadfield,  R.  A. :  Benjamin  Huntsman  of  Sheffield,  the  Inventor  of  Crucible  Steel  [xx], 
170;  remarks  (communicated  to  the  Secretary)  in  discussion  of  the  effect  of  vi- 
bration upon  the  molecular  structure  of  iron,  845. 

Hard  iron-mine,  Ringwood,  N.  J.  [518]. 

Harrison  silver-mine,  Lake  Valley,  New  Mexico,  150,  et  seq. 

Hartshoene,  Joseph,  remarks  in  discussion  of  physics  of  steel,  782. 

Hasenclever  furnace  [9]. 

Haswell  collieries,  England,  explosion  at,  207. 

Hauraki  or  Thames  gold-field,  New  Zealand,  952. 

Hayes,  C.  Willard:  The  Geological  Relations  of  the  Southern  Appalachian  Bauxite  De- 
posits [xviii],  243  (see  Discussion,  "  Bauxite,"  855) ;  remarks  in  discussion  of  bauxite, 
861. 

Heap-roasting  silver-ores,  theory  of,  16. 

Heat,  effect  of,  on  amorphous  gold,  708. 

Heat-treatment  of  steel,  746. 

Heinrich,  Oswald  J.,  on  Mesozoic  formation  in  Virginia,  398. 

Hellefors  concentrating-works,  province  of  Westmanland,  Sweden,  498. 

Hellefors  iron-  and  steel- works,  Sweden  [289] .^ 

Henry,  E  M.,  address  of  welcome  at  Norfolk,  February,  1894,  xvii. 

Hewett,  G.  C,  remarks  in  discussion  of  Mr.  Glenn's  paper  on  mine-explosions  gen- 
erated by  grahamite-dust,  901. 

Hewitt,  Charles,  his  use  at  Trenton  of  non-reversing  rolls,  602. 

Hibbard,  Henry  D.,  remarks  in  discussion  of  physics  of  steel,  773. 

High  Point  lead-  and  zinc-mine,  Moniteau  county,  Mo.  [645,  674]. 

Hillside  gold-  and  silver-mine,  Yavapai  county,  Ariz.,  mineral  veins  of,  945, 

Hoefer,  Prof.  Hauns,  on  faults  in  mineral  veins,  864. 
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Hofman  H.  O.,  and  Demond,  C.  D. :  Some  Experiments  for  Determining  the  Refractori- 
ness of  Fire-Clays  [xviii],  42;  discussion,  846. 

Hofman,  Prop.  H.  O. :  remarks  in  discussion  of  fire-clays,  847;  in  discussion  of  Mr. 
Stetefeldt's  paper  on  the  inaccuracy  of  the  commercial  silver-assay,  867,  870:  on 
silver-assays  [531]. 

Holden  Smelting  and  Milling  Company,  Stetefeldt  furnace  at  works  of,  4  et  seq. 

Holloway,  J.  F.,  remarks  in  discussion  of  the  effects  of  vibration  upon  the  mole- 
cular structure  of  iron,  826,  827,  828,  829. 

Home  coal-mine,  Leavenworth,  Kansas,  underground  tunnel  at,  25. 

Honorary  members  of  the  Institute,  vii. 

Hope  iron-mine,  Ringwood,  N.  J.,  510,  511,  520. 

Hotchkiss,  Jed,  address  of  welcome  at  Norfolk,  February,  1894,  xvii. 

Howard,  James  E.,  remarks  in  discussion  of  physics  of  steel,  776. 

Howe,  Henry  M. :  Our  Possibilities  (extract  from  Presidential  address  at  Virginia 
Beach)  [xvii],  742;  Fyrometry  and  the  Heat- Treatment  of  Steel  (extract  from  Presi- 
dential address  at  Virginia  Beach)  [xvii],  746;  remarks  in  discussion  of  Mr. 
Becker's  paper  on  the  torsional  theory  of  joints,  863;  of  physics  of  steel,  766,  770, 
772,  786;  of  Prof.  Roberts-Austen's  paper  on  recent  advances  in  pyrometry,  798; 
of  the  effect  of  vibration  upon  the  molecular  structure  of  iron,  839;  of  Dr.  Waldo's 
paper  on  aluminum-bronze,  878. 

Howell  roasting-furnace  [3]. 

Huanchaca  silver-mine,  Bolivia,  S.  A.,  12;  treatment  of  ore,  13  et  seq. 

Hunt,  A.  E. :  remarks  in  discussion  of  the  papers  of  Messrs.  Laur  and  Hayes  on 
bauxite,  855;  of  physics  of  steel,  771;  of  Dr.  Waldo's  paper  on  aluminum- 
bronze,  882." 

Huntsman,  Benjamin,  of  Sheffield,  inventor  of  crucible  steel,  170. 

Hurdtown  iron-mine,  Morris  county,  N.  J.  [506]. 

Illinois  Zinc  Company,  Peru,  111.,  804, 

Imboden  coal-seam,  Wise  county,  Va.,  73:  analysis  of  coal,  80. 

Inaccuracy  of  the  Commercial  Assay  for  Silver  and  of  Metallurgical  Statistics  in  Silrer- 
Hills,  with  Special  Reference  to  the  Treatment  of  Roasted  Ores  by  Amalgamation  and 
by  the  Russell  Process  (Stetefeldt)  [xxxvi],  530;  discussion,  867. 

Ingalls,  Walter  Renton,  remarks  in  discussion  of  Prof.  Richards's  paper  on  close 
sizing  before  jigging,  926. 

Interstitial  currents,  law  of,  426. 

Iron  (see  also  pig-iron);  alpha  and  beta,  817,  846;  discussion  of  theory  of  crystalliza- 
tion by  vibration,  809;  early  days  of  manufacture  of,  594  ;  separation  of  pyrites 
from  blende  in  Swedish  concentratiug-works,  490;  specimen  of  native,  from 
Anniston,  Ala.,  616. 

Iron-mines:  Connecticut:  Litchfield  county:  Salisbury,  613;  New  Jersey:  Morris 
county;  Dickerson  [506] ;  Hurdtown  [506] ;  Mount  Hope  [506] ;  Port  Oram  [506] ; 
Passaic  county;  Blue,  509  X  seq. ;  Bush,  510  et  seq. ;  Cannon,  510  et  seq. ;  Cooper 
[512,  516] ;  Hard  [518] ;  Hope,  510,  511,  520;  Keeler,  512  et  seq. ;  Little  Blue  [510, 
514,  515];  London,  510  et  seq. ;  Miller  [512];  Mule  [514,  518];  New  Cannon 
[510,  514];  Peters,  506  et  seq.;  Red  [514,  515];  Ringwood,  505;  St.  George,  510  et 
seq.;  New  York:  Putnam  county ;  Crotou  (magnetic)  [631];  Mahopac  [631];  Tilly 
Foster  [631]. 

Iron-ores:  age  of  Texas  ore-deposits,  265;  analyses  of,  273  et  seq.;  classification  of 
Texas  ores,  270;  comparative  analysis  of  Texas  ores  with  those  of  other  southern 
States,  280;  deposits  of  northeastern  Texas,  258;  geology  of  Texas  ore-deposits, 
262  ;  Lake  Superior  region,  957  ;  Mesabi  range,  Minn.,  959. 

Iron-Ores  of  East  Texas  (Kennedy)  [xix],  258;  Postscript,  862. 

Iron-works  (see  also  blast-furnaces):  California:  San  Francisco;  Risdon  [212];  New 
Jersey:  Sussex  county  ;  Musconetcong,  504:  Warren  county  ;  Audover,  504;  Swe- 
den :  Bofors,  292  ;  Hellefors,  Kilafors  and  Munkfors,  289  et  seq. 
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.Tuques,  W.  H..  lecture  on  the  manufacture  and  testing  of  guns  and  armor  by,  xviii. 
Jars,  Gabriel,  extract  from  Voyages  Metallurgiques  by,  on  ancient  methods  in  English 

steel-works,  177. 
Jawbone  coal-seam.  Wise  county,  Va.,  73;  analysis  of  coal,  80. 
Jaiv- Crushers  (continued  discussion  of  Mr.  Douglas's  paper  on  American  improvements 

in  ore-crushing,  etc.,  vol.  xxii.,  321.  647),  756. 
Jigging,  close  sizing  before,  409,  918. 
Jigs,  continuous  adjustable,  94. 

Johannesborg,  concentrating-works,  province  of  Nerike,  Sweden,  488. 
Johnson,  Guy  E. :  Ore- Washer  at  Longdate,  Virginia  [xix],  34;  discussion,   847;  Mr 

Johnson  in  discussion  of  his  paper,  850. 
Johnston's  Connecticut,  extract  from,  on  brass  clocks,  611. 
Joints,  phenomena  of,  130. 

Joplin  lead-  and  zinc-mines,  Jasper  county,  Mo.,  638. 
Justice  silver-mine,  Storey  couuty,  Nev.,  character  of  ore-deposit,  968. 

Kansas,  survey  of  underground  connection  at  Leavenworth,  25. 

Kaolin:  from  Blandford,  Mass.,  experiments  with,  63;  crucibles  from  Zettlitz,  846. 

Kaolin-silica  mixtures,  fusibility  of,  43  et  seq. 

Keeler  iron-mine,  Eingwood,  N.  J.,  512  et  seq. 

Kemp,  J.  F. :  The  Nickel  Mine  at  Lancaster  Gap,  Pennsylvania,  and  the  Pyrrohotite  De- 
posits at  Anthony  s  Nose  on  the  Hudson  [xxxvii],  620  ;  discussion,  883  ;  Prof.  Kemp 
in  discussion  of  his  paper,  888;  on  New  Jersey  ore-deposits  [522]. 

Kennedy  coal-seam,  Wise  county,  Va.,  73;  analysis  of  coal,  80. 

Kennedy,  John  S.,  remarks  in  discussion  of  Mr.  Johnson's  paper  on  an  ore-washer 
at  Longdale,  Va.,  847. 

Kennedy,  William  :  Iron-Ores  of  East  Texas  [xix],  258;  Postscript,  862. 

Kent,  William  :  remarks  in  discussion  of  Mr.  Gleuu's  paper  on  mine-explosions  gen- 
erated by  grahamite-dust,  913 ;  of  the  effect  of  vibration  upon  the  molecular 
structure  of  iron,  824. 

Kilafors  open-hearth  furnace,  Sweden,  2S9. 

Kilauea,  Prof.  Dana  on  rock  material  of  volcano  of,  93S. 

Kirchhoff,  Charles,  remarks  in  discussion  of  Dr.  Ledoux's  paper  on  a  uniform 
method  for  the  assay  of  copper-material,  875. 

Kirkaldy  on  appearance  of  fractured  iron,  811. 

Kittanning,  Lower  (Davis),  coal-bed,  355  et  seq. 

Knaffl,  Ludwig :  experiments  on  fusibility  of  fire-clays  by,  48 ;  on  gold-amalgams,  185. 

Kreuzpointner,  Paul,  on  crystallization  of  iron  under  shock,  837  etseq. 

Kunhardt,  W.  B.,  remarks  in  discussion  of  Prof.  Eichards's  paper  on  close  sizing 
before  jigging,  922. 

La  Gardette  gold-mines,  department  of  Isere,  France  [690,  695]. 

Lake  Superior  region,  iron -ores  of,  957. 

Lake  Valley  silver-mines,  Sierra  county,  New  Mexico,  138. 

Laminated  iron-ores,  Texas,  analysis  of,  274  et  seq. 

Landis,  E.  K.,  remarks  in  discussion  of  Mr.  Firmstone's  paper  on   magnesia  and 

sulphur  in  blast-furnace  cinder,  889,  894. 
Langguth,  Werner  :   The  Refining  of  Gold  Sulphides  Produced  by  the  Precipitation  of 

Gold  from  Chlorine  or  Bromine  Solution  with  Sulphurous  Acid  and  Hydrogen  Sulphide 

[xix],  100. 
Lantz,  A.,  on  determination  of  oxygen  in  iron  and  steel,  791. 
Last  Chance  silver-mine,  Lake  Valley,  New  Mexico  [156],  164. 
Lateral-secretion  theory  of  ore-deposition,  678,  967  etseq.,  983. 
Laur,  Francis:    The  Bauxites:  A  Study  of  a  New  Mineralogical  Family   [xviii],  234 

(see  Discussion,  "  Bauxite,"  855). 
Lead  :  deposits  of  Missouri,  634  et  seq.,  931 ;  percentage  of,  in  Missouri  rocks,  634. 
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Lead-mines  (see  also  lead-  and  ziuc-niines) :  Missouri:  Franklin  county;  Virginia, 
666;  Madison  county;  Mine  La  Motte,  638;  Miller  county;  Conlogue,  667  [674]; 
St.  Francois  county;  Bonne  Terre  [643],  660;   Doe  Eun  [643];  St.  Joe, 638. 

Lead-ores,  assays  of,  533,  537. 

Lead-  and  Zinc-Deposits  of  Missouri  (Wixslow)  [xxxvii],  634;  discussion,  931. 

Lead- aud  zinc-mines  (see  also  lead-mines  and  zinc-mines):  Missouri:  Cole  county  ; 
Smith's  [674];  Dallas  county;  Eambo  [674];  Jasper  county;  Joplin,  638;  Webb 
City-Carterville,  638,  659;  Jefferson  county;  Garatee,  664;  Valle,  638,664;  Law- 
rence county;  Aurora,  638;  Moniteau  county;  High  Point  [645,  674]. 

Lead- and  zinc-ores:  annual  production  of,  in  Missouri,  1890-93,  638;  first  mining 
of,  in  the  Mississippi  valley,  636 :  form  and  composition  of  Missouri  deposits,  644, 
645  ;  geologic  distribution  of,  in  Missouri,  643;  impregnated  deposits  of  southeast 
Missouri,  676;  minerals  in  Missouri  deposits,  648;  mode  of  formation  of  Missouri 
deposits,  670;  total  production  of,  in  Missouri,  637. 

Leaching  of  wall-rock,  1002. 

Le  Chatelier's  pyrometer,  798. 

LeCoxte,  Prof.  Joseph,  remarks  in  discussion  of  Prof.  Posepny's  paper  on  the 
genesis  of  ore-deposits,  996. 

Ledebur,  Prof.  A. :  experiments  to  remove  sulphur  from  pig-iron  by  [495] ;  method 
of  determining  oxygen  in  iron  and  steel  by,  791;  on  the  theory  of  the  crystalli- 
zation of  iron  by  vibration,  814;  on  use  of  dolomite  flux  in  the  blast-furuace, 
890,  895. 

Ledoux,  Albert  R. :  A  Uniform  Method  for  the  Assay  of  Copper -Materia]  for  Gold  and 
Silver  [xxxvi],  575;  discussion,  872;  Dr.  Ledoux  in  discussion  of  his  paper,  876; 
remarks  in  discussion  of  Mr.  Glenn's  paper  on  mine-explosions  generated  by 
grahamite-dust,  916;  of  the  effect  of  vibration  upon  the  molecular  structure  of 
iron,  828. 

Leggett,  Thomas  H. :  A  Twelve-Mile  Transmission  of  Power  by  Electricity  [xx],  315; 
discussion,  853;  Mr.  Leggett  in  discussion  of  his  paper,  855. 

Lehigh  Zinc  and  Iron  Company,  Bethlehem,  Pa.,  121  et  seq. 

Lexington  stamp-mill,  Butte,  Mont.,  use  of  Stetefeldt  furnace  at,  13. 

Lidxer,  P.  G. :  Ore- Dressing  and  Concentration  in  Sweden  [xxxvii],  486. 

Limestone :  analyses  of,  499,  891 ;  "  nodular,"  at  Lake  Valley  silver-mines,  New 
Mexico,  140. 

Limitations  of  the  Gold  Stamp-Mill  (continued  discussion  of  Mr.  Eickard's  paper,  vol. 
xxiii,  137,  545)  [xxxvii],  806. 

List  of  meetings  of  the  Institute,  viii. 

Little  Blue  iron-mine,  Ringwood,  N.  J.  [510,  514,  515]. 

Lixiviation  products,  533  et  seq. 

Lixiviation-works  (see  also  chlorination-works,  stamp-mills,  etc,) :  Colorado  :  Aspen  ; 
Holden  Smelting  and  Milling  Co.,  Stetefeldt  Furnace  at  works  of,  4  et  seq. ;  Utah  : 
Summit  county  ;  Marsac,  221;  Sweden:  Falun,  488. 

Loudon  iron-mine,  Eingwood,  N.  J.,  510  et  seq. 

Lone  Star  blast-furnace,  Marion  county,  Texas,  262. 

Lone  Star  Iron  Company,  Jefferson,  Marion  county,  Texas,  262  et  seq. 

Longdale  Iron  Company,  Alleghany  county,  Va.,  34. 

Loo  Ellen  blast-furnace,  Marion  county,  Texas,  261. 

Losses  of  Gold  and  Silver  in  the  Fire  Assay  (Furmax)  [xxxvi],  735. 

Louis,  Hexry:  The  Allotropism  of  Gold  [xx],  182;  Further  Experiments  on  Amorphous 
Gold  [xxxvi],  705 ;  remarks  in  discussion  of  Prof.  Eichards's  paper  on  close  sizing 
before  jigging,  918. 

Lower  Banner  coal-seam,  Wise  county,  Va.,  73;  analysis  of  coal,  80. 

Lower  Carboniferous  rocks  in  Missouri  mining  districts,  641. 

Lukeus  Iron  aud  Steel  Company,  Chester  County,  Pa.,  596. 

Lundin's  gas-producer,  289,  293. 
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Lychehneim,  Jacob  :    The  Determination  of  Phosphorus  in  Coal  and  Coke  [xix],  66 ; 
discussion,  862. 

Magnesia  in  blast-furnace  cinder,  498. 

Magnesia  and  Sulphur  in  Blast-Fumace  Cinder  (Firmstone)   [xxxvii],  498;    discussion, 

889. 
Magnetic  iron-bearing  rocks,  Eingwood,  N.  J.,  506. 
Mahaska  Mining  Company's  zinc-mines,  Joplin  Camp,  Mo.  [652]. 
Mahopac  iron-mines,  Putnam  county,  N.  Y.  [631]. 
Manganese  Slags  of  Tombstone,  Arizona  (Church)  [xxxvii],  559. 
Manufacture  of  Open-Hearth  Steel  in  Sweden  (Odelstjerna)  [xx],  288. 
Marsac  lixiviatiou-works  and  stamp-mill,  Park  City,  Utah,  221,  538  [574];    statistics 

of,  226. 
Marshall  Car  Wheel  and  Foundry  Company,  Texas,  blast  furnaces  of,  261. 
Maryland:  artesian  well  prospects  in,  372;  George's  creek  coal-region,  21  [351]. 
Matagente  silver-mine,  Cerro  de  Pasco  district,  Peru  [107]. 
Matthiessen  and  Hegeler  zinc-works,  La  Salle,  111.,  490. 
Meadows,  Thomas  C,  and  Brown,  Lytle  :     The  Phosphates  of  Tennessee  [xxxvii], 

582. 
Meetings  of  the  Institute :  Bridgeport,  Conm,  October,  1894,  xxxv,  lists  of,  viii ;  Vir- 
ginia Beach,  Va.  (annual),  February,  1894,  xvii. 
Members  and  Associates  :  deaths  of,  xxv;  election  of:  at  Bridgeport,  October,  1894, 

xxxix;  by  mail,  May,  1894,  xxxviii ;  at  Virginia  Beach,  February,  1894,  xxxi. 
Merritt,  William  Hamilton,  remarks  in  discussion  of  Mr.  Emmons's  paper  on  the 

geological  distribution  of  useful  metals  in  the  United  States,  755. 
Mesabi  range,  Minn.,  iron-ores  of,  959. 
Mesapata  silver  mine,  Cerro  de  Pasco  district,  Peru  [109], 
Metalliferous  contents  of  Missouri  rocks,  684. 
Metallurgy,  inaccuracy  of  statistics  in  silver-mills,  530  et  seq. 
Meyers,  Barton,  address  of  welcome  at  Norfolk,  February.  1894,  xvii. 
Mezger,  C.  A. :  Note  on  Certain  Magnetic  Phenomena  in  Gold-Bearing  Slates  [xix],  40. 
Micro-structure  of  steel,  761,  767. 

Midlothian  colliery,  Eichmond  coal-basin,  Va.,  398  et  seq. 
Miller  iron-mine,  Eingwood,  N.  J.  [512]. 
Milling:    gold  at  the  North  Star  mine,  Grass  Valley,  Cal., 208;    silver-ores  in  Cerro 

de  Pasco  district,  Peru,  110,  117. 
Mine-explosions,  coal-dust  in,  898. 

Mine- Explosion  Generated  by  Grahamite-Dast  (Glenn)  [xix],  195;  discussion,  898. 
Mine  Hill,  Sussex  county,  N.  J.,  franklinite  deposits  of,  121. 
Mine  La  Motte  lead-mines,  Madison  county,  Mo.,  633  [643]. 
Mineralogy  of  Lake  Valley  silver-mining  district,  New  Mexico,  148. 
Minerals :   of  Missouri  lead-  and  zinc-ore  deposits,  648 ;    origin  of,  676  ;    upon  New 

York  State  lands,  727. 
Mines  of  the  Chalanches,  France  (Eiokard)  [xxxvii]  689. 

Mining :   at  Cerro  de  Pasco  silver-mines,  Peru,  S,  A.,  108 ;  method  and  cost  of  mining 
iron-ores  in  Texas,  284 ;    phosphate  in  Tennessee,  592 ;    unwateriug  of  a  flooded 
mine,  21. 
Mining  law  of  New  York,  712. 

Missouri :  geology  of  mining  districts,  639 ;  lead-  and  zinc-deposits,  634,  931. 
Moauataeri  gold-mine,  Thames  district,  New  Zealand,  richness  of  ore  of,  952. 
Mode  of  formation  of  the  ore-bodies  of  Missouri  lead  and  zinc  regions,  670. 
Monazitesand  from  North  Carolina,  exhibited  at  Bridgeport  meeting,  xxxvi. 
Montana,  ore-deposits  of  Butte  mining  district,  543. 
Morning  Star  zinc-mine,  Jasper  county,  Mo.  [658] . 

Morse,  W.  S. :  on  the  use  of  producer-gas  for  roasting  ore  [3,  11] ;  plant  for  collecting 
silver-dust  [20]. 
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Mount  Hope  iron-mine,  Morris  county,  N.  J.  [506]. 

Mule  iron-mine,  Riugwood,  N.  J.  [514,  518], 

Munkfors  iron-works,  Varmland,  Sweden  [289]. 

Munroe,  Prof.  H.  S.,  experiments  with  falling  particles  by,  426  ct  seq. 

Musconetcong  iron-works,  Stanhope,  N-  J.,  analysis  of  blast-furnace  cinder  from,  504. 

Myers,  A.,  address  of  welcome  at  Norfolk,  February,  1894,  xvii. 

Nash  blast-furnace,  Cass  county,  Texas,  260. 

Nashville  Fertilizer  Company,  test  of  phosphate-rocks  of  Tennessee  by,  583. 

Nason,  Frank  L. :  The  Franklinite  Deposits  of  Mine  Hill,  Sussex  County,  Neiv  Jersey 
[xix],  121 ;  The  Geological  Structure  of  the  Eingwood  Iron-Mines,  New  Jersey  [xxxvi] 
505. 

Nevada,  silver-deposits  of,  968  et  seq. 

New  Cannon  iron-mine,  Ringwood,  N.  J.  [510,  514]. 

New  Castle  coal,  Colo.,  inflammable  character  of,  901. 

New  Haven,  Conn.,  visit  to,  xli. 

New  Jersey,  franklinite  and  zinc-ore  beds  of  Sussex  county,  521. 

New  Jersey  Zinc  and  Iron  Company,  123  et  seq. 

New  Mexico:   alunogen  and  bauxite,  571;    Lake  Valley  silver-mines,  138;    zinc-ore 
deposits,  187. 

New  Mining  Law  of  Neiv  York  (Raymond)  [xxxvi],  712. 

Newport  News,  visit  to,  xxxii. 

New  River  coal-bed  [355]. 

New  York  mining  law,  712. 

New  Zealand,  gold-fields  of,  952,  955. 

Nickel  Mine  at  Lancaster  Gap,  Pennsylvania,  and  the  Pyrrhotite  Deposits  at  Anthony's  Nose 
on  the  Hudson  (Kemp)  [xxxvii],  620;  discussion,  883. 

Nickel-mines:  Pennsylvania:  Lancaster  county ;  Gap,  622,  883. 

Nickel -ores:  classification  of,  by  Prof.  Vogt,  621;  deposits  of,  in  gneiss,  633;  of  Sud- 
bury, Can.,  755. 

Nodular  iron-ores,  Texas,  analyses  of,  274  et  seq. 

Norfolk,  Va.,  reception  to  Institute  by  Chamber  of  Commerce,  February,  1894,  xvii. 

Norris,  George  L.,  remarks  in  discussion  of  Mr.  Lycheuheim's  paper  on  the  deter- 
mination of  phosphorus  in  coal  and  coke,  862. 

North  Star  gold-mine,  Grass  Valley,  Cal.,  208. 

Norwegian  pyrite  deposits.  885. 

Note  on  Certain  Magnetic  Phenomena  in  Gold-Bearing  Slates  (Mezger)  [xix],  40. 

Note  on  a  Piece  of  Carpenter  Steel  (Birkinbine)  [xxxvii],  619. 

Note  on  a  Specimen  of  Native  Iron  (Birkinbine)  [xxxvii],  616. 

Note  on  a  Supposed  Aztec  Mirror  (Birkinbine)  [xxxvii],  617. 

Note  on  the  Taylor  Gas-Producer  Plant  at  the  Ontario  Mill  (Stetefeldt)  [xxxvii],  573. 

Notes  on  the  Re-Working   of  Anthracite    Culm-Banks   (Sheafer)    [xviii],  364;    discus- 
sion, 851. 

Notes  on  the  Structure  of  the  Franklinite  and  Zinc-Ore  Beds  of  Sussex  County,  New  Jersey 
(Blake)  [xxxvii],  521. 

Notes  on  the  Unwatering  of  a  Flooded  Mine  and  on  the  Permeability  of  Natural  Strata  to 
Air  (Randolph)  [xix],  21. 

Ocean  No.  3  coal-mine,  Allegany  county,  Md.,  unwatering  of,  21. 

Odelstjerna,  Erik  G :  Son  :  The  Manufacture  of  Open-Hearth  Steel  in  Sweden  [xx], 

288. 
Officers  of  the  Institute:  vii;  election  of.  February,  1894,  xix. 
Olcott,  E.  E. :  remarks  in  discussion  of  Prof.  Kemp's  paper  on  the  Lancaster  Gap 

nickel-mine,  883 ;  of  the  effect  of  vibration  upon  the  molecular  structure  of  iron, 

S24,  838. 
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Old  Alcalde  blast-furnace,  Texas,  262. 

Omaha-Grant  suielting-works,  Denver,  Colo.,  578  [582] ;  sale  of  sulphides  to,  224, 

228. 
Ontario  silver-mine,  Park  City,  Utah  [12] ;  analysis  of  ore  after  roasting  in  Stetefeldt 

furnace,  17. 
Ontario  stamp-mill,  Park  City,  Utah  [3,  221],  222;  Taylor  gas-producer  plant  at,  573. 
Open-hearth  furnaces  in  Sweden,  289. 
Open-hearth  process,  Swedish  practice,  300. 
Open-hearth  steel,  manufacture  of,  in  Sweden,  188. 

Ore-bodies:  form  and  composition  of,  in  Missouri,  644,  645;  mode  of  formation  of  Mis- 
souri lead-  and  zinc-deposits,  670;  structure  of,  in  Missouri,  651. 
Ore-crushing  machinery,  756. 
Ore-deposition  :  concentration  through  surface  decomposition,  681;  original  diffusion 

supplemented  by  lateral  secretion,  678  ;  simultaneous  with  the  rocks,  670 ;  theory 

of  derivation  from  great  depths,  677. 
Ore-deposits:  form  of  bauxite,  248;  genesis  of,  942;  geologic  distribution  of  Missouri 

lead-  and  zinc-deposits,  643;  proposed  classification  of,  943  ;  theory  of  formation 

of  silver-ore  deposits  at  Lake  Valley,  New  Mexico,  165. 
Ore- Deposits  of  Butte  City  (Brown)  [xxxvii],  543. 
Ore-dressing  :  close  sizing  and  jigging,  409  et  seq. ;  in  Sweden,  4S6. 
Ore-Dressing  and  Concentration  in  Sweden  (Lidnee)  [xxxvii],  486. 
Ore  Knob  copper-mine,  Asbe  county,  N.  O,  character  of  ore,  885. 
Ores,  raw  and  roasted,  and  tailings,  commercial  and  corrected  assays  of,  534  et  seq. 
Ore- Washer  at  Longdate,  Virginia  (Johnson)  [xix],  34;  discussion,  847. 
Origin  of  metalliferous  and  other  minerals,  676. 
Osmond,  F. :  remarks  (communicated  to  the  Secretary)  in  discussion  of  the  effect  of 

vibration  upon  the  molecular  structure  of  iron,  845;  on  effect  of  vibration  on  the 

molecular  structure  of  metals,  810,  817. 
Oswego  lands  of  Western  Zinc  Company,  Joplin,  Mo.,  655. 
Otago  gold-field.  New  Zealand,  geological  formation1  of,  955. 
Our    Possibilities  (extract  from  Presidential  address  at  Virginia  Beach)     (Howe), 

[xvii],  742. 
Oxygen,  method  of  determining,  in  iron  and  steel,  791. 
Ozark  stage  in  Missouri,  640. 

Pechin,  E.  C. :  Biographical  Notice  of  J.  H.  Bramwell  [xxxvi],  749;  remarks  on  Presi- 
dential address  of  Mr.  Fritz,  on  early  days  of  the  iron  manufacture,  877. 

Peck,  Prof.  S.  W.,  on  explosion  at  Washburn  flouT-mill,  Minneapolis,  911. 

Pennock,  Isaac,  early  iron  manufacture  by,  596. 

Penrose,  Dr.,  on  geology  of  Texas  ore-deposits,  266. 

Percy,  Dr.  John :  on  aluminum-bronze,  [525] ;  on  crystallization  of  iron  by  vibration, 
813  ;  on  Huntsman's  process  for  the  fusion  of  steel,  170. 

Petees,  E.  D.,  Je.,  remarks  in  discussion  of  Dr.  Ledoux's  paper  on  a  uniform  method 
for  the  assay  of  copper-material,  873. 

Peters  iron-mine,  Passaic  county,  N.  J.,  506  et  seq. 

Pfoedte,  Otto  F. :  The  Cerro  de  Pasco  Mining  Industry  [xix],  107. 

Philips  pyrrhotite  mine,  Anthony's  Nose,  N.  Y.,  631. 

Phosphate:  analyses  of,  585  et  seq. :  deposits  in  Tennessee,  585,  592. 

Phosphate-rock,  physical  characteristics  of,  in  Tennessee,  590;  tests  of,  by  Nashville 
Fertilizer  Company,  Tenn.,  583;   theory  of  origin  of,  in  Tennessee,  592. 

Phosphates  of  Tennessee  (Meadows  and  Brown)  [xxxvii],  582. 

Phosphorus,  determination  of,  in  coal  and  coke,  66. 

Physics  of  Steel  (continued  discussion,  see  vol.  xxiii,  608)  [xviii],  759. 

Pigeon,  Daniel,  on  Connecticut  workmen,  612. 

Pig-iron  (see  also  iron) ;  analyses  of,  made  from  east  Texas  ores,  279 ;  comparative 
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analyses  of  Texas,  and  of  other  southern  States,  282;  cost  of  manufacture  in 
Texas  and  other  southern  States,  235,  863;  silicon  and  sulphur  in,  500,  501. 

Pitkin,  Lucius,  remarks  in  discussion  of  Dr.  Ledoux's  paper  on  a  uniform  method 
for  the  assay  of  copper-material,  874. 

Pittsburgh  coal-bed,  355  et  seq. 

Pittsburgh  coal-seam,  George's  creek  region,  Md.,  21. 

Pittsburgh  Reduction  Company  [860]. 

Platinum  mining  schemes  in  New  York,  734. 

Platt,  J.  C. :  remarks  in  discussion  of  Mr.  Sheafer's  paper  on  the  re-working  of  an- 
thracite culm-banks,  852;  of  the  effect  of  vibration  upon  the  molecular  structure 
of  iron,  830;  of  Dr.  Waldo's  paper  on  aluminum-bronze.  S82. 

Pocahontas  coal-bed,  Ya.,  254  et  seq. 

Pocahontas  coal-mine,  Tazewell  county,  Ya.,  explosion  at,  912. 

Pontgibaud  silver-lead  deposits,  France,  953. 

Portachuelo  (Tingo)  silver-mine,  Cerro  de  Pasco  district,  Peru  [107]. 

Porter,  Dr.  George  L. :  Connecticut  Work  and  Workmen  (Address  of  welcome  at 
Bridgeport)  [xxxv],  609. 

Portland  Consolidated  chlorination-works,  Deadwood,  So.  Dak.,  100. 

Port  Oram  iron-mine,  Morris  county,  N.  J.  [506]. 

Portsmouth,  Ya.,  Navy  Yard,  visit  to,  xxxii. 

Posepny,  Prof.  Franz,  communication  from,  in  discussion  of  his  paper  on  the  gene- 
sis of  ore-deposits,  962. 

Potomac  coal-field,  West  Ya.,  351  et  seq. 

Praual  silver-lead  mines,  France,  953. 

Prestwich  :  on  different  schools  of  geologists,  942;  on  geological  character  of  grauite 
in  the  Andes,  941. 

Princess  Anne  Hotel,  Yirginia  Beach,  banquet  at,  xxxiii. 

Proceedings  of  Meetin.es  of  the  Institute  (see  Meetings). 

Product  and  Economical  Results  of  the  Marsac  Refinery  for  the  Year  1892  (Stetefeldt) 
[xix],  221. 

Production ;  of  coal  in  West  Yirginia  coal-fields,  358  et  seq. ;  of  open-hearth  steel  in 
Sweden,  315;  of  silver  in  Cerro  de  Pasco  mining  district,  Peru,  107. 

Przibram,  Bohemia,  ore-deposits,  968,  et  seq. 

Publications  of  the  Institute,  x. 

Puca-Yaco  stamp-mill,  Cerro  de  Pasco  district,  Peru,  116. 

Pyrite  deposits,  Norwegian,  885. 

Pyrometer :  Le  Chatelier's,  798 ;  suggested  design  for,  802. 

Pyrometry,  recent  advances  in,  798. 

Pyrometry  and  the  Heat- Treatment  of  Steel  (extract  from  Presidential  address  at  Yir- 
ginia Beach)  (Howe)  [xvii],  746. 

Pyrrhotite  deposits  at  Anthony's  Nose  on  the  Hudson,  631,  884. 

Quiyapata  silver-mill,  Cerro  de  Pasco  district,  Peru,  116. 

Railway-axle,  fracture  of,  843. 

Rambo  lead-  and  zinc-mine,  Dallas  county,  Mo.  [674]. 

Randolph,  Beverley  S. :  Notes  on  the  Unwatering  of  a  Flooded  Mine,  and  on  the  Per- 
meability of  Natural  Strata  to  Air  [xix],  21. 

Rankine  on  effect  of  vibration  on  iron,  811. 

Raymond,  R.  W. :  The  New  Mining  Law  of  New  York  [xxxvi],  712;  remarks  in  discus- 
sion of  bauxite,  861;  of  Mr.  Becker's  paper  on  the  torsional  theory  of  joints, 
864;  of  Mr.  Firmstone's  paper  on  magnesia  and  sulphur  in  blast-furnace  cinder, 
894;  of  Mr.  Glenn's  paper  on  mine-explosions  generated  by  grahamite-dust,  901, 
905;  of  Prof.  Kemp's  paper  on  the  Lancaster  Gap  nickel-mine,  886;  of  Dr. 
Ledoux's  plan  for  a  uniform  method  of  assay  of  copper-material,  872;  of  physics 
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of  steel,  770;  of  Prof.  Posepny's  paper  on  the  genesis  of  ore-deposits,  956,  980; 

of  Mr.  Riekard's   paper  on   gold-bearing  quartz  of  Bendigo  reefs,  940;  of  Mr. 

ShtaiVr's  paper  on  the  re-working  of  anthracite  culm-hanks,  851  ;  of  the  effect 

of  vibration  upon  the  molecular  structure  of  iron,  812,  827,  830,  843;  lecture  on 

mining  and  metallurgy  at  the  Columbian  Exposition  by,  xviii. 
Recent  Advances  in  Pyrometry  (discussion  of  Prof.  Eoberts-Austeu's  paper,  vol.  xxiii, 

407),  7!'-. 
Record  of  mining  rights  in  New  York,  733. 
Red  iron-mine,  Ringwood,  N.  J.  [514,  515]. 
Refining   of  Gold  Sulphides   Produced   by   the   Precipitation   of   Gold  from    Chlorine  or 

Bromine  Solution  with  Sulphurous  Acid  and  Hydrogen  Sulphide  (Langguth)  [xix], 

100. 
Report  of  Council  for  year  ending  February  1, 1S94,  xx. 
Report  on  Huntsman's  steel  (1792),  181. 
Richards,  Robert  H. :  Close  Sizing  Before  Jigging  [xviii],  409;  discussion,  918;  Prof. 

Richards  in  discussion  of  his  paper,  920.  924,  928. 
Richmond  coal-basin,  Va.,  structure  of,  397. 

Rickard,  T.  A. :  The  Mines  of  the  Chalanches,  France  [xxxvii],  689 ;  remarks  in  dis- 
cussion of  Prof.  Posepny's  paper  on  the  genesis  of  ore-deposits,  942;  in  continued 

discussion  of  his  paper  on  gold-bearing  quartz  of  Bendigo  reefs,  939;  on  gold 

stamp-mill  practice,  806. 
Ringwood  iron-mines,  Passaic  county,  N.  J.,  505. 
Risdon  iron-works,  San  Francisco,  Cal.  [212]. 
Ritchie  grahamite-mines,  Ritchie  county,  West  Va.,  195. 
Rittinger:  critical  examination  of  the  theory  and  method  of,  339  et  seq.  ;  theory  of 

jigging,  410  et  seq. 
Riverside  coal-mine,  Leavenworth,  Kansas,   underground   connection   with   Home 

mine  at,  25. 
Roasting  gold  sulphides  at  Golden  Reward  chlorination-works,  Deadwood,  So.  Dak., 

101. 
Roberts-Austen,  Prof.,  discussion  of  his  paper  on  pyrometry,  798. 
Robeson,  J.  S.,  remarks  in  discussion  of  physics  of  steel,  780. 
Rock -fractures,  complexity  of,  130. 

Rock  Springs  coal,  Wyoming,  percentage  of  water  in,  901. 
Rothwell,  R.  P.,  remarks  in  discussion  of  the  effect  of  vibration  upon  the  molecular 

structure  of  iron,  829. 
Royal  Prussian  Fire-Damp  Commission,  extract  from  report  of,  902. 
Rules  of  the  Institute,  xiii. 
Russell  process,  statistics  of  extraction  of  silver  by,  541, 542. 

Safibrd,  Dr.,  on  Devonian  shale  of  Teunessee,  589. 

Sala  concentrating-works,  province  of  Westmanland,  Sweden,  494. 

Salisbury  iron-mines,  Litchfield  county,  Conn.,  early  development  of,  613. 

Salsipuedes  silver-mine,  Cerro  de  Pasco  district,  Peru  [107]. 

Salt-mining  in  the  Salzkammergut,  Austrian  Tyrol,  993. 

Sandberger,  Prof.,  lateral-secretion  theory  of,  967  et  seq.,  983. 

San  Miguel  Consolidated  Mining  Company,  Telluride,  Colo.,  electrical  power  used  by, 

317. 
Santa  Rosa  silver-mine,  Cerro  de  Pasco  district,  Peru,  107. 
Satjveur,  Albert,  remarks  in  discussion  of  physics  of  steel,  759. 
Saxberg  couceutrating-works,  province  of  Dalarue,  Sweden,  496. 
Schmitz,  E.  J. :   The  Structure  of  the  Richmond  Coal-Basin  [xxxvii],  397. 
Seaside  Club,  Bridgeport,  Conn.,  reception  to  Institute  by,  xl. 

Secretary  and  Treasurer,  financial  statement  of,  for  year  ending  February  1, 1894,  xxi. 
Seger-Cramer  method  of  testing  fire-clays,  49. 
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Seger  cones:  fusibility  of,  54  ;  melting-point  of,  42  et  seq. 

Seger  on  fire-clays,  42  et  seq. 

Seger,  Prof.  H.,  and  Cramer,  E.,  remarks  (communicated  to  the  President)  in  dis- 
cussion of  the  paper  of  Messrs.  Hofinan  and  Demond  on  refractoriness  of  fire- 
clays, 846. 

Segregation  in  steel  ingots,  770,  775. 

Seven-Thirty  silver-mine,  Silver  Plume,  Colo.,  ore-veins  of,  947. 

Shaw  gold-mine,  Eldorado  county,  Cal.,  885. 

Sheafer,  Arthur  W. :  Notes  on  the  Be-  Working  of  Anthracite  Culm-Banks  [xviii],  364  ; 
discussion,  851 ;  Mr.  Sheafer  in  discussion  of  his  paper,  851,  852. 

Shockley,  W.  H.,  remarks  in  discussion  of  the  effect  of  vibration  upon  the  molecu- 
lar structure  of  iron,  833. 

Shumard,  Dr.  B.  F.,  on  iron-ores  of  Texas,  258. 

Silicon  and  sulphur  in  pig-iron  when  limestone  and  when  dolomite  was  used,  500, 
501. 

Silurian  rocks  of  Missouri  mining  districts,  640. 

Silver ;  inaccuracy  of  commercial  assay,  530  et  seq. ;  loss  in  the  fire-assay,  735 ;  pro- 
duction in  Cerro  de  Pasco  mining  district,  Peru,  107;  uniform  method  of  assay 
of  copper-material  for,  577. 

Silver-belts  of  Butte,  Mont.,  topography  and  mineral  character  of,  548. 

Silver-lead  mines  (see  also  silver-mines) :  France:  Pontgibaud  and  Pranal,  953. 

Silver-lead  ores,  France,  Poutgibaud  district,  953. 

Silver-lead  smelting  iu  Cerro  de  Pasco  district,  Peru,  119. 

Silver-mines:  Colorado:.  Clear  Creek  county;  Seven-Thirty,  947;  Nevada:  Storey 
county;  Justice,  968;  New  Mexico:  Sierra  county;  Lake  Valley,  Apache,  146  et 
seq.,  164;  Bella,  142  et  seq.;  Bunkhouse.  146  et  seq.  ;  Carolina,  150  et  seq.;  Bridal 
Chamber,  146  et  seq.  ;  Columbia,  148  et  seq.  ;  Emporia  Incline,  148  et  seq.  ;  Grande, 
138  etseq.;  Harrison,  150  et  seq. /'Last  Chance  [156],  164;  Strieby,  148  et  seq.  ; 
Thirty  Stope,  148  etseq.;  Twenty-five  Cut,  148  etseq.;  Utah:  Summit  county; 
Anchor  [533] ;  Ontario  [12] ;  Bolivia :  Huanchaca,  12  ;  France :  Department  of 
Isere ;  Chalanches,  689;  Mexico:  Zacatecas  ;  Sombrerete  [9];  Peru:  Department 
of  Juuin ;  Cerro  de  Pasco  district,  107. 

Silver-Mines  of  Lake  Valley,  New  Mexico  (Clark)  [xx],  138. 

Silver-ores:  analyses  of,  11,  12,  17,  165;  chlorination  of,  on  the  cooling  floor,  13; 
crushing  for  chloridizing-roasting,  18;  gold-bearing,  538,  543;  Huanchaca,  value 
of  roasted,  15  ;  theory  of  formation  of  deposits  at  Lake  Valley,  New  Mexico,  165 ; 
theory  of  heap-roasting,  16. 

Silver-wire  with  calcite  deposit,  from  Gothic,  Colo.,  exhibited  at  Bridgeport  meeting, 
xxxvi. 

Simsburg  copper-mines,  Hartford  county,  Conn.,  ancient  working  of,  613. 

Sizing  before  jigging,  409. 

Slags:  analyses  of,  561;  assays  of,  563  etseq.;  manganese,  of  Tombstone,  Arizona, 
559. 

Slickensides,  formation  of,  944  et  seq. 

Slickensiding  a  characteristic  of  joints,  131. 

Smelting  silver-lead  ores  in  Cerro  de  Pasco  district,  Peru,  119. 

Smith's  lead-  and  zinc-mine,  Cole  county,  Mo.  [674], 

Smithsonite  deposits  of  southwestern  New  Mexico,  188. 

Snyder  Brothers'  zinc-mines,  Joplin  camp,  Mo.,  652. 

Solids  Falling  in  a  Medium. — I  (Cazin)  [xix],  80. 

Solids  Falling  in  a  Medium. — II  (Cazin)  [xxxvii],  339. 

Sombrerete  silver-mine,  Zacatecas,  Mexico  [9], 

Some  Experiments  for  Determining  the  Befractoriness  of  Fire  Clays  (Hofman  and  De- 
mond) [xviii],  42  ;  discussion,  846, 

Specific  gravity  of  gold  in  alloys,  705. 
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Sperry,  Edwin  A. :  Survey  of  Underground  Connection  at  Leavenworth,  Kansas  [xix],  25. 

Spinel  in  blast-furnace  cinder,  503  et  sea. 

Spoons,  souvenir,  of  aluminum-bronze,  527. 

Stamp-mills  (see  also  chlorination-works,  etc.):  California:  Amador  county;  Gover, 
808 ;  Mono  county ;  Standard  Consolidated  Mining  Company,  329;  Nevada  county  ; 
North  Star,  208;  Montana:  Silver  Bow  county;  Lexington,  13;  Utah:  Summit 
county  ;  Park  City;  Marsac,  221,  226,  538  [574]';  Ontario  [3,  221],  222,  573. 

Stamp-stems,  does  vibration  change  their  molecular  structure?  809. 

Standard  Consolidated  Mining  Company,  Bodie,  Cal. :  electrical  power-bouse  of,  322; 
stamp-mill  of,  329. 

Star  and  Crescent  blast- furnace,  Texas,  262. 

Stead,  Mr.,  on  limestone  as  a  desulpburizer  in  the  blast-furnace,  896. 

Steel:  analysis  of  Huntsman's,  175;  ancient  production  of  wootz,  in  India,  173; 
blow-holes,  773;  casting  steel  in  Sweden,  308;  casting-temperature,  775;  com- 
parative analysis  of,  790;  crystallization  of,  in  cooling,  760;  effect  of  aluminum, 
771:  effect  of  heat-treatment  on  microstructure,  761;  heat-treatment  of,  746; 
Huntsman,  inventor  of  crucible,  170;  method  of  production  practiced  in  Shef- 
field about  1764,  177;  microstructure,  761,767;  physics  of,  759;  pipes,  774 ;  seg- 
regation in  ingots,  770,  775 ;  tensile  strength  of  Carpenter,  619 :  tests  of,  at  Water- 
town  Arsenal,  776  ;  tool,  306. 

Steel-castings,  manufacture  of,  in  Sweden,  308. 

Steel-melting  furnaces  in  Swedish  works,  296. 

Steel-works:  England  :  Attercliffe,  177;  Sweden  :  288  et  seq. 

Stetefeldt,  C.  A. :  The  Inaccuracy  of  the  Commercial  Assay  for  Silver  and  of  Metallurgi- 
cal Statistics  in  Silver-Mills,  with  Special  Reference  to  the  Treatment  of  Roasted  Ores  by 
Amalgamation  and  by  the  Russell  Process  [xxxvi],  530;  discussion,  867;  Note  on  the 
Taylor  Gas-Producer  Plant  at  the  Ontario  Mill  [xxxvii],  573;  Product  and  Economi- 
cal Results  of  the  Marsac  Refinery  for  the  Year  1892  [xix],  221 ;  The  Stetefeldt  Fur- 
nace [xix],  3;  Mr.  Stetefeldt  in  discussion  of  bis  paper  on  the  inaccuracy  of  the 
commercial  assay,  868. 

Stetefeldt  Furnace  (Stetefeldt)  [xix],  3. 

Stetefeldt  furnace,  3,  573. 

St.  George  iron-miue,  Ringwood,  N.  J.,  510  et  seq.  * 

Still  for  the  laboratory,  167. 

St.  Joe  lead-mine,  St.  Francois  county,  Mo.,  638. 

St.  Joseph  Lead  Company,  Mo.,  660. 

St.  Lawrence  copper-mine,  Butte,  Mont.  [544]. 

Stratigraphy  of  Clover  Hill  coal  district,  Richmond  coal-basin,  Va.,  398. 

Strise,  formation  of,  944  et  seq. 

Strieby  silver-mine,  Lake  Valley,  New  Mexico,  148  et  seq. 

Structural  geology  of  Missouri  mining  districts,  642. 

Structure  of  the  franklinite  and  zinc-ore  beds  of  Sussex  county,  N.  J.,  521. 

Structure  of  ore-bodies  in  Missouri,  651. 

Structure  of  the  Richmond  Coal  Basin  (Schmitz)  [xxxvii],  397. 

Stuart,  Donald  M.  D.,  on  coal-dust  as  an  explosive  agent,  905  et  seq. 

Subterranean  waters:  certain  conditions  affecting,  378;  circulation  of,  949e<seg. 

Suction,  law  of,  463. 

Sulphides:  commercial  and  corrected  assays  of,  537;  refining  of  gold,  precipitated 
from  chlorine  solution,  100;  sale  of,  to  smelters,  228  et  seq. 

Sulphur  in  blast-furnace  cinder,  498. 

Sulphur  Fork  Iron  Company,  Texas,  blast-furnace  of,  261. 

Survey  of  Underground  Connection  at  Leavenworth,  Kansas  (Sperry)  [xix],  25. 

Swank,  J.  M.,  on  iron  production  of  Texas,  260. 

Sweden ;  iron-  and  steel-works,  289 ;    manufacture  of  open-hearth  steel  in,  288  ;    ore- 
dressing  and  concentration  in,  486. 
VOL.  XXIV. — 65 
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Tailings,  incorrect  sampling  of.  iu  amalgamation,  530  et  seq. 

Taquia  (dried  llama-dung)  used  for  fuel  iu  Peruvian  smelting-furuaces,  119. 

Tassie  Belle  blast-furnace,  Cherokee  county.  Texas,  262. 

Taylor  Gas- Producer  and  the  Coals  of  Illinois  and  Montana  (continued  discussion  of  Mr. 
Stetefeldt's  paper,  vol.  xxiii,  134,  585)  [xxxvii],  804. 

Taylor  gas-producer,  4  et  seq.,  804;  at  the  Ontario  mill,  573. 

Taylor  (Buckwheat)  ziuc-miue,  Mine  Hill,  N.  J.,  122  et  seq. 

Tennessee  phosphate  deposits,  582  etseq. 

Tensile  strength  of  Carpenter  steel,  619. 

Tertiary  rocks  in  Missouri  mining  district,  641. 

Texas:  chemical  analyses  of  irou-ores,  273;  early  blast-furnaces,  260 ;  iron-ores  of 
east  Texas,  258. 

Texas  Iron  Company  [260]. 

Thames  gold-field,  New  Zealand,  952, 

Thermal  springs,  relation  of,  to  eruptive  rocks,  952. 

Thirty  Stope  silver-mine,  Lake  Valley,  New  Mexico,  148  et  seq. 

Thomas  coal-mine,  Upper  Potomac  coal-field,  West  Va.,  356  et  seq. 

Thurber  coal-mine,  Erath  county,  Texas  [863]. 

Tilly  Foster  iron-mine,  Putnam  county,  N.  Y.  [631]. 

Tingo  (Pontachuelo)  silver-mine,  Cerro  de  Pasco  district,  Peru  [107]. 

Tombstone  Mill  and  Mining  Compauy,  559. 

Tool-steel,  306. 

Topography:  of  lead  and  zinc  region  of  Missouri,  639;  of  Lake  Valley  silver-mines. 
New  Mexico,  138. 

Torrey,  Herbert  G.,  remarks  in  discussion  of  Dr.  Ledoux's  paper  on  a  uniform 
method  for  the  assay  of  copper-material,  872,  873. 

Torsion-fractures,  character  of,  133. 

Torsional  Theory  of  Joints  (Becker)  [xviii],  130;  discussion,  863. 

Tkatm.vn,  E.  E.  Eussell:  remarks  iu  discussion  of  Mr.  Glenn's  paper  on  mine-ex- 
plosions generated  by  grahamite-dust,  898;  of  Mr.  Sheafer's  paper  on  the  re- 
working of  anthracite  culm-banks,  853. 

Trinidad  silver-mill,  Cerro  de  Pasco  district,  Peru,  116. 

Trotter  zinc-mine,  Mine  Hill,  N.  J.,  123  et  seq. 

Turner,  Dr.  H.  W.,  on  rocks  of  Shaw  gold-mine,  Cal.,  885. 

Twelve-Mile  Transmission  of  Power  by  Electricity  (Leggett)  [xx],  315;  discussion,  853. 

Twenty-five  Cut  silver-mine,  Lake  Valley,  New  Mexico,  148  et  seq. 

Underground  tunnel-connection  between  coal-mines  at  Leavenworth,  Kansas,  25. 

Uuiformitariau  school  of  geologists,  936  et  seq. 

Uniform  Method  for  the  Assay  of  Copper-Material  for  Gold  and  Silver  (Ledoux)  [xxxvi], 
575;  discussion,  872. 

United  States  Appraisers,  decision  of,  concerning  dutiable  value  of  ores,  875. 

Unwatering  of  a  flooded  mine,  21. 

Upper  Banner  coal-seam,  Wise  county,  Va.,  73;  aualysis  of  coal,  80. 

Upper  Potomac  coal-field,  West  Va.,  351  et  seq. 

Utah  :  Castle  Gate  coal,  inflammable  character  of,  901 ;  silver-mines  [12,  533] ;  stamp- 
mills  [3],  221  et  seq.,  538,  573. 

Vadose  vs.  deep  circulation,  1001. 

Valid  lead-  aud  zinc-mines,  Jefferson  county,  Mo.,  638,  664. 

Vauclain,  S.  M.,  comparative  tests  of  steel  by,  788. 

Velocities,  incipient  aud  maximal,  of  solids  falling  in  a  medium,  80. 

Vibration,  discussion  of  theory  of  crystallization  of  iron  by,  S09. 

Victor  Mining  Company,  Mo.,  638. 

Victor  zinc-mine,  Jasper  county,  Mo.,  658. 
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Vieille  Montague  Company,  zinc-mines  of,  in  Sweden,  488. 

Virginia:    artesian   wells   in    eastern,   372;     coal-fields,  254;    coal-sections    in    Wise 

county,  70. 
Virginia  Beach,  Va.,  meeting  (twenty-fourth  annual)  of  the  Institute  at,  xvii. 
Virginia  lead-mine,  Franklin  county,  Mo.,  666. 
Vogt,  Prof.  J.  H.  L. :   classification  of  nickel-ores  by,  621;    on  pyrites  deposits  of 

Norway,  885. 
Volatilization  of  silver  by  chloridizing-roastiug  in  Stetefeldt  furnace,  19. 

Wait,  Charles  E. :  A  Convenient  Still  for  the  Laboratory  [xx],  167. 

Waldo,  Leonard  :  Aluminum-Bronze  [xx],  525;  discussion,  878;  Dr.  Waldo  in  discus- 
sion of  his  paper,  878,  880,  883. 

Warner,  Dr.  I.  De  Ver,  welcome  to  the  Institute  at  Bridgeport  by,  xxxv. 

Washburn  mill,  Minneapolis,  explosion  of  flour-dust  in,  911. 

Washington  Navy  Yard  testing-machine,  fracture  of  connecting-bar,  811.  819,  822. 

Waterbury,  Conn.,  visit  to  manufactories  of,  xl. 

Water-power  plant  for  generating  electricity  at  Green  Creek,  Cal.,  320. 

Watertown,  Mass.,  Arsenal,  tests  of  steel  at,  776. 

Webb  City-Carterville  lead-  and  zinc-mines,  Jasper  county,  Mo.,  638,  659. 

Webster,  William  E. :  remarks  in  discussion  of  the  effects  of  vibration  upon  the 
molecular  structure  of  iron,  827,  834;  in  discussion  of  physics  of  steel,  786. 

Weeks,  Jos.  D. :  Tlie  Elk  Garden  and  Uppe*r  Potomac  Coal-Fields  of  West  Virginia  [xx], 
351. 

Wellersburg  coal-district,  Pa.  [351]. 

Well-records,  artesian,  380. 

Western  Zinc  Company's  zinc-mines,  Jasper  county,  Mo.,  655. 

Westinghouse  Electric  and  Manufacturing  Company,  [317]. 

West  Virginia:  coal-fields,  351  ;  grahamite-mines,  Eitchie  county,  195. 

Whitehead,  Prof.  Cabell,  on  the  assay  of  copper-material  for  gold  and  silver,  5S0. 

Wilkes,  John,  remarks  in  discussion  of  the  effect  of  vibration  upon  the  molecular 
structure  of  iron,  826,  827,  828,  830,  838. 

Williams,  Edward  H.,  Jr.,  remarks  in  discussion  of  Mr.  Glenn's  paper  on  mine- 
explosions  generated  by  jjrahamite-dust,  917. 

Winchell,  H.  V.,  remarks  in  discussion  of  Prof.  Posepny's  paper  on  the  genesis  of 
ore-deposits,  957. 

Winslow,  Arthur:  Lead-  and  Zinc- Deposits  of  Missouri  [xxxvii],  634;  discussion, 
931 ;  Mr.  Winslow  in  discussion  of  his  paper,  932. 

Wire-line  for  twelve-mile  transmission  of  electrical  power  in  Mono  county,  Cal.,  326. 

Witwatersrand,  South  Africa,  gold-deposits,  186. 

Wootz  steel,  ancient  production  of,  in  India,  173. 

Wyoming,  Almy  and  Eock  Springs  coal,  901. 

Zinc,  percentage  of,  in  Missouri  rocks,  684. 

Zinc-blende  deposits  of  southwestern  New  Mexico,  189. 

Zinc-mines:  Missouri:  Jasper  county  ;  Alba,  656 ;  Circle  [656];    Eagle,  652;  Morning 

Star  [658] ;  Victor,  658;  Western  Ziuc  Company,  655;  New  Jersey :  Sussex  county  ; 

Mine  Hill,  121 ;  Taylor  (Buckwheat),  122  et  seq. :  Trotter,  123  et  seq. ;  Sweden :.pro- 

o 

vince  of  Nerike;  Ammeberg,  488. 
Zinc-Ore  Deposits  of  Southwestern,  New  Mexico  (Blake)  [xx],  187. 
Zinc-ores  (see  also  lead-  and  zinc-ores) :  of  Missouri,  634  et  seq.,  931 ;  of  New  Mexico 

and  New  Jersey  compared,  193;  of  Sussex  county,  N.  J.,  521. 
Zinc-works:  Illinois:  Lasalle  county;  Matthiesseu  and  Hegeler,  490. 
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